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1HAPTER 1
ntroduction and Review of Literature
Introduction
Dyes and pigments are substances that impart color to a material. The major
difference between dyes and pigments is solubility (the tendency to dissolve in a
liquid, especially water). Dyes are usually soluble—or can be made to be soluble—in
water. Once a dye is dissolved in water, the material to be dyed can be immersed in
the dye solution. As the material soaks up the dye and dries, it develops a color. If the
material then retains that color after being washed, the dye is said to be colorfast.
A revolution in colorant history occurred in 1856, when English chemist
William Henry Perkin (1838–1907) discovered a way to manufacture a dye in the
laboratory[1]. That dye, mauve, was produced from materials found in common coal
tar. Perkin's discovery showed chemists that dyes and pigments could be produced
synthetically (by humans in a lab). It was no longer necessary to search natural
products for use as colorants.
Today, the vast majority of dyes and pigments are produced synthetically.
These products are easier and less expensive to make than are natural products. In
addition, their colors are more consistent from batch to batch than the various samples
of natural colorants. Around 10,000 different dyes are used in various industries like
textile, printing, pharmaceutical, paper and pulp, etc. More than 7×105 metric tonnes
dyes are produced annually worldwide. Dyes have complex aromatic molecular
structure comprising of chromophore and auxochrome groups. Some important
chromophore groups are -N=N-, -NO2, -N=O, -C=O, -C=N- and (CH-CH)n which are
responsible for the color of the dye. Auxochrome groups such as, -OH, -COOH, -
SO3H, -NH2, -NHR, -NHR2, are attached to the fiber by stable chemical bond. Dyes
on the basis of their chromophore group are classified as azo, triphenylmethane,
anthraquinone, nitro, nitroso, phthalocyanine, xanthene, acridine sulfur, indigoid dyes,
etc. [1,2].
2The textile industry consumes approximately two thirds of the total production
of dyes. During textile processing, inefficiencies in dyeing results in large amounts of
the dyestuff being directly lost to the wastewater, which ultimately finds its way into
the environment. The amount of dye lost is dependent on the class of dye application
used, varying from 2% loss when using basic dyes to a 50% loss when reactive azo
dyes are used [3]. Color is the first contaminant to be recognized in wastewater and
has to be removed before discharging into water bodies or on land. The presence of
very small amounts of dyes in water (less than 1 ppm for some dyes) is highly visible
and affects the aesthetic merit, water transparency and gas solubility in lakes, river
and other water bodies [4]. Textile effluent may cause a significant impact on human
health due to mutagenic or carcinogenic effects of some azo dyes or their metabolites
[5]. Government legislation is becoming more stringent in most developed countries
regarding the removal of dyes from industrial effluents, which is in turn becoming
increasingly problematic for the textile industries [4,6]. Therefore, treatment of
wastewater containing dyes is essential.
There is no universal method for the removal of color from dye waste [7]. As
the characteristics of textile effluents are variable, many different physical, chemical
and biological treatment methods have been employed. There are numerous physico-
chemical techniques like chemical oxidation [8], adsorption [9], flocculation,
floatation, electrochemical destruction, [10], irradiation, ozonization [11] and the use
of activated carbon. Some of these techniques are effective but costly and produce
large amount of sludge. Therefore, interest is focused on the biological treatment of
textile waste water. There are many studies reported on the treatment of textile
effluents by microorganisms, as they are able to reduce the color of the effluent as
well as degrade the complex dye molecules. Some microorganisms are capable to
mineralize the dye into H2O and CO2. Microbial species that can be applied for the
bioremediation of textile effluents include bacteria, fungi, actinomycetes, algae and
yeasts.
In this review we focus on the decolorization and degradation of dyes by
bacteria and compare with other microbial species.
3Decolorization of dye by fungi: Fungi are the potent candidates in the
degradation of organic compounds. White-rot fungi (WRF) are well known for
degradation of wide range of environmental pollutants such as DDT, PAHs, TNT,
Nitrobenzene, etc including dyes. This unusual characteristic of WRF is due to the
production of several oxidative and reductive enzymes such as lignin peroxidase,
manganese peroxidase, laccase and cellobiose-quinone oxido-reductase [12].
Phanerochaete chrysosporium is the widely studied WRF for the decolorization and
degradation of textile dyes [13-17]. The other WRF studied are Trametes versicolor,
Pleurotus ostreatus, Bjerkandera adusta, Clitocybula dusenii, Phlebia spp., etc [18-
23]. Wong and Yu [24] reported two major problems in textile effluent treatment
using Phaenerochaete chrysosporium. First, lignin peroxidase released by fungal cells
is a strict secondary metabolite produced under either carbon or nitrogen limiting
condition. Therefore, carbon or nitrogen presence in the industrial effluent prohibit
the release of this enzyme. Second, dye degradation by this enzyme requires
considerable amount of hydrogen peroxide and veratryl alcohol as reagents. To
overcome the fact, Wong and Yu reported another fungus, Trametes versicolor, that is
able to decolorize azo and indigo dyes by extracellular oxidase, laccase. Compared to
P. chrysosporium, T. versicolor can produce the enzyme (laccase) in the presence of
nitrogen and carbon nutrients [25] and catalyze oxidation of organic pollutants even in
the absence of hydrogen peroxide or other secondary metabolites [26].
Researchers have investigated several WRF that are able to decolorize,
degrade or mineralize structurally diverse dyes (Table 1.1). WRF degrade azo,
triphenylmethane [27], indigo, anthraquinone[28], and phthalocyanine dyes. Swamy
and Ramsay [18] reported decolorization of six structurally diverse dyes Amaranth,
Remazol Black B, Remazol Orange, Remazol Brilliant Blue, Reactive Blue, and
Tropaeolin O by five species of white rot fungi. Among which Bjerkandera sp.
BOS55, Phanerochaete chrysosporium and Trametes versicolor showed extensive
decolorization of these dyes on agar plates. Moreira and coworkers [29] demonstrated
decolorization of three structurally diverse dyes by seven fungal strains of which four
showed significant decolorization. Meanwhile, there are various fungi other than
WRF, such as Aspergillus niger [30,31], Aspergillus fumigatus [32], Polyporus
ostreiformis [33] studied for dye degradation.
4Table 1.1 Recent reports on fungal cultures capable of dye decolorization
Culture Dye References
Aspergillus fumigatus XC6
Trametes versicolor
Pleurotus ostreatus
Funalia trogii ATCC 200800
Coriolus versicolorIFO30388
Phanerochaete
chrysosporium BKM-F-1767
Alternaria solani
Reactive Black RCReactive Yellow HF2-GL,Reactive Blue BGFN, ReactiveBlack B-150, Reactive Red A-6BFReactive Orange 4, Reactive Red23, Reactive Black 5Disperse Orange 3Disperse Yellow 3Drimarene Blue X3LR, RemazolBrilliant Blue RPigment Violet 12
Reactive Brilliant Red K-2BP
Acid Violet 19
[32]
[34]
[35]
[36]
[28]
[17]
[37]
Decolorization of dyes by bacteria: Dye decolorization by bacteria is being
studied for last three decades (Table 1.2). Bacteria generally are easier to culture and
they grow more quickly than fungi. They are more amenable to molecular genetic
manipulations. They are able to metabolize chlorinated and other organic
contaminants such as oil and mineralize chemicals by using them as carbon and
energy source [38].
Aerobic decolorization of dyes: Most biological degradation of azo dyes is
carried out by anaerobic bacteria [39-43]. During the last few years, much studies
have been conducted to identify bacterial species that are capable of aerobic
degradation of azo dyes. Many of these bacterial species require additional carbon
source to accomplish the degradation of azo dyes. They do not use the azo dye as sole
source of carbon or energy. Acinetobacter liquifaciens S-1 [44] in the presence of 5
g/l of glucose, decolorizes and degrades Methyl Red (MR) and produces two colorless
compounds namely 2-aminobenzoic acid (ABA) and N-N’-dimethyl-p-phenylene
diamine (DMPD). Whereas, Klebsiella pneumoniae RS-13 [45] and Enterobacter
agglomerans [46] degraded MR in the presence of 0.5-5 and 10 g/l of glucose. A
mixed bacterial culture isolated from a domestic wastewater treatment plant degraded
MR with 0.2 g/l of glucose. Similarly, Padmavathy et. al., [47] demonstrated
5decolorization of eight reactive azo dyes by mixed bacterial culture in the presence of
various carbon sources among which starch was found to be a better co-substrate.
Furthermore, aerobic decolorization of azo, triphenylmethane, reactive azo and
sulphonated azo dyes by different bacterial strains Citrobacter sp., bacterial strain
KMK 48, Sphingomonas sp., Aeromonas hydrophila [48-51] in the presence of
additional carbon sources has
been reported.
Aerobic decolorization of
azo compounds as sole source
of carbon and energy started
with the study of Overney
[52] who isolated a
Flavobacterium sp. capable to
grow aerobically with simple
carboxylated azo compound
(4,4’-dicarboxyazobenezene)
as sole source of carbon and
energy. Methyl Violet, a
triphenylmethane dye was
degraded by Pseudomonas
mendocinaMCM B-402 [53].
The decolorization activity
involved is demethylation.
Mineralization of Methyl
Violet to CO2 was reported to occur through three unknown intermediate metabolites
and phenol (Fig.1.1). The degradation of phenol by Pseudomonas sp. involves the â-
keto adipic acid pathway with CO2 as the end product.
Blumel et. al., [54] isolated a strain, that utilized the sulphonated azo
compound 4-carboxy-4’-sulphoazobenzene as the sole source of carbon and energy
under aerobic condition. They suggested that the bacterial cultures with the ability to
aerobically degrade simple sulphonated azo dyes may be obtained after preadaptation
Fig. 1.1 Chemical structure of Methyl Violet and its tentative
metabolic pathway.
6to sulphonated aminoaromatics and/or when reductive cleavage of the azo bond gives
rise to an aerobically assimilable aminoaromatic structure, like 4-aminobenzoate.
Fig. 1.2 Azo dye structures that were evaluated for decolorization by Sphingomonas sp strain 1CX.
Coughlin and coworkers [50] described degradation of azo dyes containing
aminonaphthol by Sphingomonas sp strain 1CX (Fig. 1.2). They also reported that azo
dyes having sulfonate groups on both sides of azo bond are not decolorized by the
strain 1CX. This may be related to the transport of the dye into the cell since sulfonate
groups inhibit transport of certain azo dyes across the cell membrane. Calmagite and
Acid Alizarin Violet both possess hydroxyl groups at 2 and 2’ position which may
affect the access of the azo reductase to the azo bond.
7Crystal Violet is used as sole source of carbon and energy by A. hydrophila
DN322 under aerobic condition. Aeromonas hydrophila DN322, was isolated by Ren
et. al., [51] from activated sludge of a textile printing waste water treatment plant.
Aeromonas hydrophila has distinct ability to decolorize structurally different dyes
including azo, triphenylmethane and anthraquinone. They introduced the enzyme
NADH/NADPH-dependent oxygenase which is responsible for the decolorization of
triphenylmethane dyes. They showed that decolorization activity of azo dyes is high
under microaerophilic condition. Shaking culture suppressed decolorization activity
indicating that decolorization mechanism of azo dyes by strain DN322 is due to azo
bond reduction. Decolorization mechanism of anthraquinone dyes by A. hydrophila
DN322 showed adsorption of Reactive Brilliant Blue K-GR to the flocs of cells. The
dye was decolorized as floccules turned to white. More than 80% of color removal is
observed in 36 h at 50 mg/l.
Hu [55] investigated degradation of azo dye RP2B by Pseudomonas luteola.
The strain grew well on media containing low glucose concentration and no nitrogen
source under microaerophilic condition. He found orthanilic acid as a degradation
product of azo dye RP2B.
Anaerobic decolorization of dyes: Dye decolorization by anaerobic bacteria
has been reported and reviewed [56-58]. Dye decolorization by intestinal microflora
has been widely studied. Bacteroides thetaiotaomicron, an intestinal anaerobe
decolorizes seven azo dyes using flavin mononucleotide, an electron carrier [39].
They also reported other electron carriers, e.g., Methyl viologen, benzyl viologen,
phenosafranin, neutral red, crystal violet, flavin adenine dinucleotide, menadione and
Janus Green B. Their study suggested that reduction of azo dyes required extracellular
shuttle. Brown [59] tested eighteen anaerobic and facultative anaerobic intestinal
bacterial strains for the decolorization of polymeric azo and nitro dyes. Anaerobic
decolorization of azo dyes is carried out by different bacterial species [42,43].
Reports on anaerobic decolorization of other than azo dyes are also available.
Rhodocyclus gelatinosus XL-1 is able to decolorize anthraquinone dye Reactive
Brilliant Blue (KN-R) in the presence of peptone under anaerobic condition. Dong et.
al., [60] also demonstrated that metal compounds MgSO4 and MnSO4 increased the
8activity of KN-R decolorization. Metal compounds had inhibitory effect on KN-R
decolorization in the order AgNO3 > CuSO4 > HgCl2 > ZnSO4 > Co(NO3)2 >
Pb(NO3)2. The maximum absorption peak in visible spectrum shifted from 595 to 453
nm.
Table 1.2 Recent reports on bacterial strains capable of dye decolorization
Culture Dye Anaerobic/Aerobic References
Aeromonas sp. B-5
Bacillus subtilis HM
Mixed bacterial culture
Bacillus sp. PSBacterial consortiumRNM11.1
Rhizobium radiobacterMTCC 8161
Enterobacter sp.
Shewanella decolorationisS12
Aeromonas hydrophilaDN322
Pseudomonas luteola
Citrobacter sp.
A bacterial strain KMK 48
Rhodobacter spheroids
Klebsiella pneumoniaeRS-13 and Acetobacter
liquefaciens S-1
Sphingomonas sp. Strain1CX
Enterobacter
agglomerans
Proteus mirabilis
Rhodocyclus gelatinosusXL-1
Bordeaux S andAcid Blue 24Fast Red (Eightsulphonated azodyes)Direct Red 81
Methyl OrangeReactive Violet 5
Reactive Red 141
Reactive Red 195
Reactive BrilliantBlue K-GR (50mg/l)15 hVarious TPM, azoand anthraquinonedyesReactive Red 22(100 mg/l)Various TPM andazo dyesVariousSulphonated AzodyesVarious azo dyes(200 mg/l)N,N’–dimethyl-p-phenylenediamine
Azo dyes containingAminonaphtholMethyl Red (100mg/l)Red RBNReactive BrilliantBlue (KN-R)
Microaerophilic/aerobic
Microaerophilic
Microaerophilic
AerobicAerobic
Anaerobic
Anaerobic
Anaerobic
Aerobic/anaerobic
Microaerophilic
Aerobic
Aerobic
Anaerobic
Aerobic
Aerobic
Aerobic
AnaerobicAnaerobic
[61]
[62]
[63]
[64][65]
[66]
[67]
[68]
[51]
[55]
[48]
[49]
[43]
[69]
[50]
[46]
[62][42]
Nigam et. al., [57] reported decolorization of mixture of nine different azo,
diazo and reactive dyes (Cibacron Red-C-2G, Remazol Red RB and Remazol Golden
Yellow RNL) by mixed bacterial culture identified as Alcaligenes faecalis and
Commamonas acidovorans under anaerobic condition.
9Kocuria rosea MTCC 1532 degrade a triphenylmethane dye Malachite as well
as azo and industrial dyes such cotton blue, reactive blue 25, methyl orange, direct
blue-6, reactive yellow 81 and red HE4B under anoxic condition [70]. Involvement of
malachite green reductase and DCIP (Dichlorophenol indophenol) reductase is
observed in the Malachite Green degradation process.
Azo dye decolorization produces aromatic amines under anaerobic condition,
which are more toxic than the parent compound. Therefore, integrated
anaerobic/aerobic processes are developed to mineralize azo dyes.
Dye decolorization by using bioreactors: Decolorization of textile dyes by
using bioreactor is new subject of interest. Mohanty et. al., [71] developed a two stage
anaerobic-aerobic reactor for microbial decolorization of Reactive Black-5 using
acclimatized activated textile sludge. They showed >90% decolorization during
anaerobic process. Anaerobic decolorization reaction remarkably monitored by
maintaining dissolved oxygen concentration (below 0.5 mg.l-1) and addition of co-
substrate (glucose). RB-5 was reduced under anaerobic condition generating aromatic
amines which were partly removed in subsequent aerobic bio-treatment.
Melgoza et. al., [3] studied the degradation of Disperse Blue 79 (DB79) in
synthetic wastewaters and textile effluent containing reactive azo dyes using a single
tank as a sequencing batch reactor. DB79 was biotransformed to amines in anaerobic
condition which were mineralized in aerobic condition. 92% removal efficiencies of
DB79 was observed after treatment, whereas 96% of the initial color of the textile
effluent was effectively removed.
Sen, and Demirer [72] studied treatment of wastewaters with a fluidized bed
reactor under anaerobic condition. They used pumice as support material. The
immobilized biomass or attached volatile solid level on the support material was
0.073 g VSS/g support material.
Zee et. al., [73] selected 20 different azo dyes for the study of decolorization
by anaerobic granular sludge. They found complete decolorization of all the 20 azo
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dyes. The reaction rates varied greatly between dyes and followed first order kinetics.
They investigated that there is no correlation between a dye’s half-life and molecular
weight. These results indicated no cell permeability of dye molecule. Granular sludge
contained sulphide (reducing agent) which play an important role in decolorization of
dyes.
Lourenco et. al., [74] showed the effect of operational parameter on textile dye
biodegradation in sequential batch reactors. They used Remazol Violet 5R and
Remazol Black B, sulfonated, monoazo and diazo dyes respectively. They found 90%
color reduction with Remazol Violet 5R in a 24 h cycle. The sludge retention time
was 15 days and an aerated reaction phase of 10 h. Under similar operational
conditions, 75% of Remazol Black B was decolorized and no further color reduction
was observed even after long aeration i.e., 10-12 h.
Georgiou et. al., [75] used reticulated sintered glass as a carrier for
immobilization of anaerobic bacteria for the study of treatment of textile waste water
by two stage fixed bed reactor pilot plant. They utilized acetic acid as an external
substrate for the growth of methanogenic bacteria. Complete decolorization was
obtained within 4 h hydraulic residence time. Moreira et .al., [22] studied
decolorization of the dye Poly R-478 by a white-rot fungus Trametes versicolor # 52J.
Decolorization of the dye in a Fed-batch process was optimum under nutrient nitrogen
limiting and aeration conditions (65% to 80%). Goncalves et. al., [76] studied
treatment of wool dyeing effluents with integrated anaerobic-aerobic sequencing
batch reactor. Different operational parameters such as influence of anaerobic phase
and subsequent aerobic phase with length of aeration period (8 to 10 h) on process
efficiency were studied. A comparison between fill stage in fast and slow modes was
carried out. COD removal was slow in an anaerobic phase than oxic condition. Tavear
et. al., [77] studied biodegradation of Reactive Orange 16 by white-rot fungus Irpex
lacteus. They used immobilized I. lacteus in three different reactor systems, i.e., small
and large trickle-bed reactors and a rotating-disc reactor. Polyurethane foam was used
for immobilization of I. lacteus.
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The aim of this research was to isolate and characterize the bacterial species, able
to decolorize or degrade variety of recalcitrant organic dyes. The objective of this
research are as follows:
Ø Isolation, identification and screening of dye decolorizing bacteria from
natural sources. e.g., soil and sludge
Ø Influence of various physico-chemical parameters on decolorization of dye
and growth of bacteria
Ø Evaluation of dye decolorizing activity of resting cells of the isolate
Ø Characterization of the isolates’ ability to grow and decolorize dyes in the
presence of various metal compounds, salts, and at high dye concentrations
Ø Decolorization of textile and printing industry effluents by the dye
decolorizing bacterial isolates
12
HAPTER 2
solation, Identification and Screening of Dye
Decolorizing Bacteria
Introduction
One of the major dye consuming industries is the textile. Varieties of
structurally diverse dyes are employed in the textile industries such as azo,
triphenylmethane, anthraquinone, phthalocyanine, etc. Large amounts of dye-containing
wastewaters are generated during the wet process of the textile, and released to the
environment. Textile effluents containing dye are difficult to treat due to complex
aromatic structures of the dyes. Small amount of dye in the water is highly visible and
affect the ecology of the receiving water bodies [59]. Some of the dyes are carcinogenic
to higher animals [78]. Biological treatment of textile effluent is the subject of interest
since last few decades. Fungi and bacteria are well known for their ability to decolorize
and degrade dyes [27,36,39,40,49, and 79]. Several bacteria are reported to decolorize
azo or triphenylmethane or anthraquinone dyes [2,43,68,71,80]. Yatome et. al., [81] and
An et. al., [48] studied the decolorization of azo and triphenylmethane dyes by a single
bacterial species, Pseudomonas pseudomallei 13NA and Citrobacter sp. respectively
whereas there is only one report yet that shows decolorization of azo, TPM and
anthraquinone dyes by Aeromonas hydrophila [51]. Moreover, dye decolorizing
bacteria are isolated from the dye contaminated sites. The present study deals
with the isolation, identification and screening of bacterial species capable to decolorize
variety of dyes. Decolorization of dyes and growth of the bacterial species are
investigated.
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Materials and Methods
Chemicals. All chemicals were analytical grade and procured from Hi-media,
India.
Dyes. All the dyes (Table 2.1) were purchased from the market or obtained as a
gift.
Table: 2.1 Dyes used in the experiment
No Name of Dyes* Short form Type of dye Ë max µl dye/ml GPY
1 Reactive Golden HR RGHR monoazo 416 502 Reactive Yellow FG RYFG monoazo 420 353 Remazol Brown GR RBGR monoazo 452 504 Remazol Orange H2R ROH2R monoazo 480 455 Reactive Orange H2R ReOH2R monoazo 486 356 Remazol Orange 3R RO3R monoazo 492 257 Congo Red CR diazo 497 308 Remazol Red H8B RRH8B unknown 509 359 Reactive Red 6BX RR6BX unknown 540 3510 Remazol Magenta HB RMHB unknown 557 3511 Remazol Brilliant Blue R RBBR anthraquinone 595 8012 Remazol Black B RBB diazo 596 3013 Evan’s Blue EB diazo 611 1314 Reactive Blue H5G RBH5G unknown 617 4015 Remazol Turquoise Blue G RTBG phthalocyanine 620 7016 Fast Green FG TPM 622 0517 Brilliant Green BG TPM 625 3018 Methylene Blue MB unknown 661 4019 Orange G OG monoazo 480 3020 Reactive Yellow 145 RY145 monoazo 416 3321 Reactive Red HE7B RRHE7B diazo 544 4822 Reactive Red 195 RR195 monoazo 542 35
23 Reactive Orange RO monoazo 462 1824 Reactive Black B ReBB diazo 598 30* Stock solution of 0.1%
Media. The Glucose Peptone Yeast extract medium (pH 7) contained 1%
glucose, 0.5% peptone, and 0.3% yeast extract. Sutherland (pH 7.2) medium comprised
of (g/l): Succinic acid (10), Na2HPO4 (4), KH2PO4 (1.0), MgSO4.7H2O (0.05),
CaCl2.2H2O (0.05), NaCl (0.2), (NH4)2SO4 (3.0) and Yeast Extract (0.5). pHs of the
media were adjusted with 1 M NaOH.
Isolation and identification of dye decolorizing bacteria. Soil samples were
collected from several places of the garden and mixed. One gram of soil was suspended
in 100 ml distilled water and stirred on shaker for an hour. Soil suspension was allowed
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to stand for the soil particles to settle down. Supernatant was decanted and used for the
isolation and estimation of dye decolorizing bacteria. The number of dye decolorizing
bacteria in garden soil of Saurashtra University, Rajkot was estimated by three-tube
most probable number (MPN) technique. The MPN technique was performed in tubes
containing 10 ml GPY medium with 0.1% dye solution of Remazol Red H8B and
Remazol Turquoise Blue G. 10-2 dilution of soil suspension in GPY medium was
prepared and inoculated as 1, 0.1 and 0.01 ml respectively. The MPN technique was
also performed with Sutherland medium as described above. All the MPN tubes were
incubated at 37°C. Tubes were scored on the basis of decolorization of dyes. The
number of dye-decolorizing bacteria per gram of soil was calculated following standard
procedures.
GPY agar plates were streaked from each positive MPN tubes and incubated at
37°C. The isolated colonies were picked up and transferred to GPY containing dye to
ensure the ability of the isolate to decolorize dyes. Morphological and cultural
characteristics of dye decolorizing bacteria from GPY agar plate were studied.
Biochemical tests were performed to identify the dye decolorizing bacterial isolates
according to Bergey’s Manual of Systematic Bacteriology (Edition IV, 1984) [82].
Culture identification by 16S rRNA technique. DNA extraction: The culture
of strain Ps 33 (20-80 µl) was suspended in 40 µl MQ water. 160 µl of 0.05 M NaOH
was added and mixed well. The reaction mixture was incubated on dry bath for 45 min
at 60°C and vortex intermittently. 12 µl of 0.01 M Tris-HCl was added and the the
mixture was diluted upto 100 fold and used (6 µl) for PCR.
PCR and DNA sequencing. The reaction mixture (25 µl) contained 10x
reaction buffer, 25 mM MgCl2, 2 mM dNTP, 5 U/µl promega Taq, 5 U/µl forward
primer (515F 5’-GTGCCAGCAGCCGCGGTAAT-3’) and 5 U/µl reverse primer
(1390R 5’-AGGCCCGGAACGTATTCACC-3’) and 6 µl extracted DNA. Sterile
Millipore filtered deionized (6 µl) water was used as negative control. Amplification
conditions were 94°C for 3 min / 94°C for 10 s, 55°C for 10 s and 72°C for 30 s x 45
cycles / 72°C for 10 min. 875 bp PCR products were electrophoresed in 1% agarose gel.
PCR products were purified from agarose gel by AMPure purification method. The
template is sequenced for the respective genes using the same set of primers as used for
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amplification of the gene. The consensus sequences of the gene so obtained was
subjected to BLAST using (http://80www.ncbi.nlm.nih.gov.ludwig.lub.lu.se/blast/),
NCBI and a phylogenetic tree was constructed using the BLAST searches.
Screening of dye decolorizing bacteria. Tubes containing 8 ml dye containing
GPY (Table 2.1) was inoculated with 10% of 18 h old culture. Abiotic (uninoculated;
containing dye) and biotic (inoculated; not containing dye) controls were also included.
All the tubes were incubated at 37°C under static condition.
Analytical methods. 2 ml samples were withdrawn at regular time intervals and
centrifuged at 9000 rpm for 20 min. Supernatant was collected and scanned (200-700
nm) using Shimadzu UV-Vis Spectrophotometer 1601. Pellets were resuspended in the
same amount of distilled water and measured at A600. Residual dye was determined at
ëmax of each dye spectrophotometrically and used to determine the percentage of dye
decolorized.
Results
Isolation and identification of dye decolorizing bacteria. MPN technique was
used to estimate the number of dye decolorizing bacteria present in the Saurashtra
University garden soil. Positive tubes exhibited decolorization of Remazol Red H8B
and Remazol Turquoise Blue G as well as growth of organisms. Dye decolorizing
bacteria per gram of soil using GPY medium was estimated to be 11, 000 and 430 with
Remazol Red H8B and Remazol Turquoise Blue G respectively. It was estimated to be
approximately 460 and 21 respectively per gram of soil using Sutherland medium.
Three different types of colonies were observed on GPY agar plates streaked from
positive tubes. The three bacterial strains Ps 31, Ps 32 and Ps 33 were further tested
individually for the decolorization of the same dyes.
Culture identification. Biochemical tests of strain Ps 33: The colonies of strain
Ps 33 were big with irregular margin, transparent, flat and exhibited green pigmentation
which turned brown upon prolonged incubation on GPY agar plate. The cells are gram
negative, small rods, and motile. They are non-fermentative, nitrate, catalase and
oxidase-positive.
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The organism was identified as Pseudomonas aeruginosa on the basis of
biochemical tests (Table 2.2) and 16S rRNA technique. Fig. 2.1 shows phylogeny tree
of the strain Ps 33.
Table 2.2 Biochemical Tests of strain Ps 33
Screening of Ps 33 for dye decolorizing
ability. Decolorization of twenty four dyes by
bacterial strain was studied (Table 2.1). On the
basis of dye decolorization pattern of the strain Ps
33, three groups of dyes were observed. First
group contains dyes which were not decolorized
but the removal of the dye was due to adsorption
on cell surface. The strain showed significant
removal of Brilliant Green (88%) after 24 h
incubation. The cells turned dark green in color
due to adsorption of dye on the cell surface.
Removal of Congo red and Methylene Blue by
adsorption to cell biomass was 15 and 28%
respectively but color of Methylene Blue
reappeared in the medium on shaking. Negligible
(8% and 5%) adsorption was observed with
Remazol Turquoise Blue G and Fast Green. The
strain Ps 33 neither adsorbed nor decolorized the
dyes Remazol Brilliant Blue R and Reactive Blue H5G. In the Second group strain Ps
33 exhibited 44-49% decolorization of Orange G, Reactive Red HE7B, Reactive
Golden HR, Remazol Brown GR and Evan’s Blue within 24 h. Almost 37%
decolorization was observed Reactive Yellow FG, Reactive Orange H2R and Remazol
Red H8B whereas 22-27% decolorization of Remazol Magenta HB, Reactive Red 6BX
and Reactive Red 195 was observed after 24 h. Third group comprises of those dyes
that were decolorized >75-80% within 24 h. Almost complete decolorization (95%) of
Reactive Orange was exhibited by the strain Ps 33 within 24 h. The strain Ps 33
decolorized Remazol Orange 3R, Remazol Orange H2R and
Biochemical Tests ResultsIndole production -H2S production -Ammonia production +Nitrate reduction +Urea hdrolysis -Gelatin hydrolysis -Starch hydrolysis -Simmon citrate agar +Catalase production +Oxidase production +TSISlant +Butt -H2S production -Gas -Sugar FermentationGlucose -Lactose -Sucrose -Arabinose -Sorbitol -Fructose -
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Reactive Yellow 145 (83-85%) within 24 h whereas Remazol Bblack B and
Reactive Black B decolorized 77%. 94% and 87% decolorization was observed after
48 h respectively. Rests of the dyes were completely decolorized after 48 h. (Fig. 2.2).
Spectral analysis (Fig. 2.3, 2.4 and 2.5) indicates changes in major peak of dye for all
the three groups as described above. The results indicate that decolorization rate was
observed faster for the dyes of the third group than second group.
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Fig. 2.2 Decolorization of dyes after  24 and  48 h by the static cultures of Pseudomonas aeruginosa Ps 33 at
37°C. 1) Reactive Golden HR, 2) Reactive Yellow FG, 3) Remazol Brown GR, 4) Remazol Orange H2R, 5)
Reactive Orange H2R, 6) Remazol Orange 3R, 7) Congo Red, 8) Remazol Red H8B, 9) Reactive Red 6BX, 10)
Remazol Magenta HB, 11) Remazol Brilliant Blue R, 12) Remazol Black B, 13) Evan’s Blue 14) Reactive Blue
H5G, 15) Remazol Turquoise Blue G, 16) Fast Green, 17) Brilliant Green, 18) Methylene Blue, 19) Orange G, 20)
Reactive Yellow 145, 21) Reactive Orange, 22) Reactive Red HE7B, 23) Reactive Red 195, and 24) Reactive
Black 5.
On the basis of above dye decolorization pattern with the strain Ps 33 we
selected three dyes from each group for further detailed investigations. Remazol Red
H8B, Reactive Red 6BX and Remazol Magenta HB were chosen from second group
and studied the growth and decolorization activity of strain Ps 33. During initial 8 h,
Pseudomonas Ps 33 decolorized Remazol Red H8B at the rate of 13 and 19 µg.h-1
when the cultures were set up with 18 and 24 h old inocula respectively.
Decolorization rates reached 35 and 60 µg.h-1 between 8-24 h for the inocula 18 and
24 h whereas 38 and 23 µg.h-1 rates were observed on further incubation of 24 h.
Spectral analysis (Fig. 2.6a & b) indicated no decrease in the peak absorbance up to
initial 8 h which decreased remarkably after 12, 16 and 20 h and the peak disappeared
almost completely within 24 h; whereas it disappeared after 32 h in the cultures
initiated with 24 h old inoculum. Growth of Pseudomonas Ps 33 showed lag phase of
8 h in the cultures initiated with 24 h old inoculum but not with 18 h old inoculum.
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Pseudomonas Ps 33 decolorized Reactive Red 6BX 85 and 77% in the GPY medium
started with 18 and 24 h inocula. Decolorization rates after initial 8 h were 23 and 20
µg.h-1 respectively for the cultures started with 18 and 24 h inocula. The rates
increased to 89 and 68 µg.h-1 within 8-28 h and it was 58 and 37 µg.h-1 between 28-48
h. Spectral changes (Fig. 2.6c & d) showed that the peak absorbance decreased faster
for the 18 h old inoculum in decolorization medium than the 24 h old. Growth pattern
of the strain Ps 33 was observed to be similar in the medium containing RR6BX as in
the RRH8B. Decolorization reaction initiated with 18 and 24 h old inocula
decolorized Remazol Magenta HB 82 and 78% respectively after 48 h. Decolorization
rates were 8 and 34 µg.h-1 during initial 8 h. These rates increased to 69 and 46 µg.h-1
and remained steady throughout the decolorization with 18 and 24 h old inocula.
Spectral analysis showed gradual decrease in the peak absorbance. Pseudomonas Ps
33 grew exponentially during initial 8 h in the decolorization medium inoculated with
18 h old inoculum whereas a lag phase of 12 h was observed with 24 h inoculum age
(Fig. 2.6e & f).
The three dyes Remazol Orange H2R, Remazol Orange 3R and Remazol
Black B of the third group were studied in detail (Fig. 2.7). No lag phase in the
decolorization of ROH2R was observed initiated with 18 h old culture though the
growth showed a lag of 4 h (Fig. 2.7a) whereas cultures initiated with 24 h old
inoculum, decolorization followed a lag of 8 h (Fig. 2.7b). Therefore, decolorization
rates for initial 8 h were 105 and 17 µg.h-1 in the cultures inoculated with 18 and 24 h
old inocula. During 8-20 h, the rates were 53 and 108 µg.h-1 respectively. Spectral
changes showed remarkable decrease in the major peak absorbance in the GPY
medium initiated with 18 h old culture than 24 h. The complete removal of the peak
after 8 h in the presence of 18 h old Pseudomonas culture whereas it disappeared after
20 h in the presence of 24 h old culture. These cultures decolorized RBB 95 and 90%
respectively. Decolorization rates during 8 h were 54 and 49 µg.h-1, which increased
to 96 and 122 µg.h-1 between 8-20 h and 42 and 25 µg.h-1 after 28 h (Fig. 2.7c & d).
Spectral analysis indicates the complete removal of the peak after 20 h. With respect
to growth of Pseudomonas Ps 33 in the presence of RBB, a lag period was observed
in both 18 and 24 h old culture. The strain Ps 33 decolorized RO3R 28 and 45 µg.h-1
during 8 h initiated with 18 and 24 h old culture respectively. During 8-20 h, it
increased to 104 and 88 µg.h-1 whereas 28 and 13 µg.h-1 between 20-28 h. During
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initial 8 h, culture inoculated with 18 h old cells directly entered into log phase
whereas 24 h old culture showed a lag period but decolorization pattern in both the
cases was almost observed similar (Fig. 2.7e & f). Spectral changes indicate complete
elimination of peak after 20 h.
Discussion
Number of dye-decolorizing bacteria has been reported and their
characteristics reviewed [1,4,83]. Decolorization of diverse groups of dye by single
bacterial species is not much studied. Pseudomonas pseudomallei 13NA and
Citrobacter sp. are reported to decolorize triphenylmethane and azo dyes [48,81]. Ren
et. al., [51] reported the ability of Aeromonas hydrophila to decolorize
triphenylmethane, azo and anthraquinone dyes. Most of the studies show isolation of
dye decolorizing bacteria from dye contaminated sites by enrichment techniques. No
study observed for the enumeration of dye decolorizing bacteria present in natural
environment. In the present work, we isolated a bacterial strain from non-
contaminated site (garden soil) and studied its dye decolorizing ability. We also
evaluated the number of dye decolorizing bacteria present in the natural sources.
We therefore adopted the MPN technique to enumerate and isolate dye-
decolorizing bacteria present in various natural environmental samples e.g. soils and
waste waters. Isolation was largely performed from the terminal positive MPN tubes.
We estimated the population sizes of dye decolorizing bacteria present in the garden
soil of Saurashtra University, Rajkot. The theory of the dilution culture predicts that
the organisms growing in the terminal positive tubes of such dilution series were
present in higher numbers in the original sample than recovered from the lower
dilution. This technique allows the enumeration of only those bacteria that are able to
grow on the media used. To maximize the viable count of dye decolorizing bacteria in
the soil sample we used a complex (GPY) and a defined (Sutherland) medium. MPN
of dye decolorizing bacteria with GPY medium was 11,000 which is higher than 430
dye decolorizing bacteria per g of soil with Sutherland medium. From the terminal
positive tubes we isolated three bacterial strains Ps 31, Ps 32 and Ps 33. On the basis
of dye decolorizing ability, strain Ps 33 was selected for further study.
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GPY medium supported better growth and dye decolorization since it is a rich
source of organic nutrients. Sutherland medium is chemically defined and contains
limited amount of nutrients. On the basis of morphological, cultural, biochemical tests
and 16S rRNA technique, the strain Ps 33 was identified as Pseudomonas aeruginosa.
The strain Ps 33 decolorized all the selected dyes except Remazol Brilliant
Blue R, Reactive Blue H5G, Remazol Turquoise Blue G and Fast Green.
Decolorization of dyes by microorganisms takes place in two ways, either by
adsorption on the microbial cells or biodegradation of dyes by the cells
[4,61,83,84,85]. In our study, we identified three groups of dyes on the basis of the
pattern of dye decolorization by strain Ps 33. The first group comprises of the dyes
Congo Red, Methylene Blue and Brilliant Green that are removed due to adsorption to
the cells of the strain Ps 33. These dyes deeply stained the cell surface imparting red,
blue and green respectively indicating adsorption of the dyes on the cell surface.
Figure 2.2a shows that absorbance spectra of the treated dye solution of CR, MB and
BG were similar to that of the initial one. Therefore, the dye structures were not likely
destroyed and no new compound was appearing during the process of dye removal.
Number of bacteria and fungi has been reported to decolorize various textile dyes by
adsorption [32,84,85]. Eleven dyes comprising the second group are decolorized
slowly i.e. 22-49% during 24 h and 66-94% decolorization within 48 h. The third
group comprises of the dyes Remazol Orange H2R, Remazol Orange 3R, Remazol
Black B Reactive Yellow 145, Reactive Orange and Reactive Black B that are
decolorized rapidly within 24 h by Ps 33.
To study the pattern of dye decolorization of the strain Ps 33, Remazol Red
H8B, Reactive Red 6BX and Remazol Magenta HB from the second group and
Remazol Orange H2R, Remazol Orange 3R and Remazol Black B from the third
group were selected for detailed investigation. The results indicate that decolorization
rate is faster for the dyes of the third group than the second group. The strain can
grow with all the six dyes tested, but decolorization rates are different for each dye.
Similar observation was also made by Junnarkar et. al., [63] and Paszczynski et. al.,
[86]. Figure 2.6 and 2.7 display the UV-Vis absorbance spectra for, during different
periods of decolorization. The absorbance peak at 480, 492, 596, 509, 540 and 557
nm gradually disappeared. Chen et. al., [42] reported that as the dye is reduced, the
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broth returns to its original color. Similar results are observed with the ROH2R,
RO3R, RBB and RRH8B dyes. The broth of the test and the biotic control were bluish
green as the cells of the strain Ps 33 produce pigment. Growth pattern of the strain Ps
33 was almost similar in the presence of all the six dyes. Decolorization rate was
faster for ROH2R, RO3R and RBB than RRH8B, RR6BX and RMHB. A slower
decolorization rate was attributed to higher molecular weight, structural complexity
and the presence of inhibitory functional groups like –NO2 and –SO3Na in the dyes
[87, 88]. Several studies have recently demonstrated decolorization and degradation
of structurally different dyes by bacteria [48,51,57]. These results demonstrate that the
strain Ps 33 have ability to decolorize wide range of dyes and therefore further
investigation for physico-chemical parameter were carried out.
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HAPTER 3
ffects of Physico-chemical Parameters on the
Growth of Pseudomonas aeruginosa Ps 33 andRemazol Orange 3R Decolorization
Introduction
Removal of dyes from wastewaters released by various industries by
biological means is a popular technique nowadays for its cost-effectiveness and eco-
friendly characteristics. Dyes are recalcitrant due to their inherent properties like,
stability and resistance towards light and oxidizing agents [4]. Bacteria among the dye
decolorizing microorganisms are widely studied to treat the textile effluent [42-45,
53-55,67-70]. The bacterial cells have the ability to metabolize the dyes. The
efficiency of the biological treatment system of the dye-containing waste water is
depended on the operational parameters. Various nutritional and environmental
conditions such as temperature, pH, aeration, growth substrates etc. must be
optimized to achieve maximum rate of dye decolorization.
Biological waste water treatment plants have a highly variable nature.
Researchers have investigated the effect of temperature, pH, aeration, type and
concentration of respiration substrates on the rate of biological decolorization of
variety of dyes [46,69,89]. Temperatures, which are too high or too low, can result in
the exclusion of a particular group of microorganisms. The pH of the biological
system can affect the proper functioning of both the aerobic anaerobic organisms.
Moutaouakkil et. al., [46] investigated the influence of pH on the decolorization of
Methyl Red (MR) by Enterobacter agglomerans. They observed that decolorization
of MR was faster at pH 5 and the growth of the E. agglomerans was significant at pH
9. At acidic pH 3 no decolorization of MR was detected due to inhibition of cell
growth.
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Ren et. al., [51] investigated decolorization of variety of dyes by the strain
Aeromonas hydrophila. The strain decolorized triphenylmethane dye under static and
shaking culture conditions but no color reduction was observed under anaerobic
condition. Contrast to these results, the same strain decolorized azo dye significantly
under static condition. Dye is used as a sole carbon and energy source by a limited
number of bacterial species [54]. Maximum dye reduction requires additional carbon
and/or nitrogen source for the growth of the bacterial strains [44-47].
We have already described the isolation, identification and screening of the
dye decolorizing bacterial strains Ps 31, Ps 32 and Ps 33. The cells of the strain Ps 33
are gram negative, small rods and motile. The colonies of the strain show green
pigmentation which turns brown on prolonged incubation and are oxidase and
catalase positive. The strain Ps 33 is identified as Pseudomonas aeruginosa by
biochemical tests and 16S rRNA technique. The Pseudomonas aeruginosa Ps 33
completely decolorizes variety of dyes.
In this chapter, we report the influence of environmental, cultural and
nutritional parameters on decolorization of Remazol Orange 3R by P. aeruginosa Ps
33 to establish efficient dye decolorizing system.
Materials and Methods
Chemicals. Remazol Orange 3R, a mono-azo dye (Fig. 3.1), was used for
decolorization study. All other ingredients were analytical grade and purchased from
Hi-media, India.
Fig. 3.1 Chemical structure of Remazol Orange 3R
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Media. The GPY and Sutherland media were used as described previously.
Bushnell and Hass medium (B and H) contained (g/l): KH2PO4 (1), K2HPO4 (1),
MgSO4.7H2O (0.2), CaCl2 (0.02), FeCl3.2H2O (0.05), NH4NO3 (1), glucose (1) and
yeast extract (1). Mineral salt medium comprised of (g/l): KH2PO4 (2), Na2HPO4 (2),
(NH4)2HPO4 (4), MgSO4.7H2O (0.2), NaCl (0.5), yeast extract (1), glucose (1) and
Nutrient broth contained (g/l): peptone (5), meat extract (1), yeast extract (2) and
NaCl (5).
Microorganism. Pseudomonas aeruginosa strain Ps 33 isolated from the
garden soil of Saurashtra University, Rajkot was used in the experiments. The strain
was preserved on GPY agar slant at 4°C.
Preparation of inocula. Activated culture of P. aeruginosa Ps 33 was
prepared by growing a single colony in 250 ml Erlenmeyer flask containing 50 ml
GPY for 18 h at room temperature (28±5°C) under shaking condition. Inoculum
preparation remained the same, if not indicated otherwise, in all the experiments.
Effects of physico-chemical parameters on growth of Pseudomonas
aeruginosa Ps 33 and decolorization of Remazol Orange 3R (RO3R).
Experimental flasks were set up by inoculating 250 ml Erlenmeyer flask containing
50 ml GPY with RO3R (25 µg.ml-1) dye and 10% of 18 h old activated cultures of P.
aeruginosa Ps 33. Abiotic (uninoculated; containing dye) and biotic (inoculated; not
containing dye) controls were also included. All the flasks were incubated at 37°C
under static condition if not indicated otherwise.
Effects of temperature: The experimental flasks were incubated at 15, 25,
37, 42 and 50°C temperatures under static condition.
Effects of pH: The pH of the media in the experimental flasks was adjusted to
4-10 with 1N HCl or 1N NaOH, before sterilization.
Effects of agitation: The inoculated cultures were agitated (100 rpm, 37°C)
on environmental shaker.
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Effects of inoculum size: The experimental cultures were initiated with 1, 5,
10, 15 and 20% (v/v) inocula. The concentration of each ingredient of the GPY
medium was maintained in all the experimental flasks.
Effects of age of inoculum: The activated cultures of different ages were
centrifuged (9,000 rpm, 20 min), and the pellets were resuspended in the fresh sterile
GPY medium to obtain the OD600 1.0. These active cultures were used to inoculate the
experimental flasks.
Effects of media: Experimental flasks were set up in Sutherland, Mineral Salt
Medium, GPY, Nutrient broth and Bushnell and Haas media.
Effects of the constituents of GPY medium: First three flasks contained a
single ingredient 1% glucose, 0.5% peptone or 0.3% yeast extract; the other flasks
contained combination of these ingredients (Glucose + peptone, peptone + yeast
extract or glucose + yeast extract).
Decolorization Assay. Samples (2 ml) were collected at regular time intervals
and centrifuged (9,000 rpm, 20 min, room temp). Supernatant was collected and
analyzed spectrophotometrically for the residual dye by measuring A492, and scanned
(200-700 nm) for the analysis of corresponding spectral changes using UV-Vis
spectrophotometer (UV 1601, Shimadzu, Japan). Bacterial growth was determined by
resuspending the pellet in the same amount of distilled water and measuring A600.
Percent decolorization was calculated from the initial dye concentration and residual
dye in the medium.
Results
Effects of temperature. The static cultures of Pseudomonas aeruginosa Ps 33
growing on GPY medium decolorized 64, 93 and 93% of the initially provided
Remazol Orange 3R h at 25, 37 and 42°C temperatures respectively after 24. The
Pseudomonas Ps 33 did not grow at 15°C and 50°C and therefore resulted in
negligible decolorization (8%) of RO3R even after 48 h. RO3R was completely
decolorized at 37°C after 48 h while no further decolorization of RO3R was detected
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(A) (B)
Fig. 3.3 (A) Change in biomass (Ï ) and decolorization (Ï ) of Remazol Orange 3Rand (B) spectral changes (— C,— 0,— 4,— 8,— 12,—16,— 20,— 24,— 28,— 32) occurring during decolorization at temperatures 37 and 42°C by staticculture of Pseudomonas aeruginosa Ps 33 growing on GPY medium.
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Fig. 3.5 Changes in biomass (Ï ) of static culture of Pseudomonas aeruginosa Ps33 growing on GPY and the decolorization (Ï ) of Remazol Orange 3R at variouspHs (a) 4, (b) 5, (c) 6 (d) 7, (e) 8, (f) 9, (g) 10 and the graphs on the right depictthe spectral changes (— C, — 0, — 4, — 8, — 12, —16, — 20, — 24, — 28 h)associated with the decolorization .
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after 24 h at 42°C (Fig. 3.2). The
decolorization of RO3R and growth
of the strain Ps 33 was studied in
detail at 37 and 42°C as significant
results were observed at these
temperature. During 0-8 h, RO3R
decolorization rate was 28 and 9
µg.h-1 at 37 and 42°C respectively.
The decolorization rates were
increased to 102 and 121 µg.h-1
between 8-20 h which were 37 and
50 µg.h-1 during 20-24 h and
decreased further to 24 and 5 µg.h-1 during 24-32 h at 37 and 42°C temperature
respectively. Growth of the strain Ps 33 was similar at both the temperatures. The
peak of RO3R was completely eliminated in the supernatants treated at both the
temperature as indicated in Fig. 3.3.
Effects of pH. Pseudomonas aeruginosa Ps 33 decolorized RO3R over a wide
range of pH (5-10). Decolorization of RO3R was negligible at pH 4.0. The
decolorization rate was observed 36 µg.h-1 only during 8-12 h. Decolorization started
after 8 h at acidic to neutral pH (5-7) whereas
at alkaline pH (8-10) it was initiated after 12
h. Complete decolorization of RO3R was
observed within 28 h at pH (5-8) by the
strain Ps 33 whereas at pH 9 and 10, longer
incubation required for complete
decolorization. Figure 3.4 indicates that at
pH 5 and 6 decolorization rates of RO3R
between 0-8 h were negligible (1 and 6 µg.h-1)
whereas at pH 7, decolorization rate was of 13
µg.h-1. Between 8-20 h, decolorization rates
was 93, 88 and 81 µg.h-1 at pH 5, 6 and 7 respectively. During 20-28 h, decolorization
rate was observed to 13, 9 and 16 µg.h-1 at pH 5, 6 and 7 respectively. As shown in
Fig. 3.5, there is no significant decrease in the peak absorbance observed up to 8 h
Fig. 3.2 Effects of temperature on decolorization ( 24
and  48 h) of Remazol Orange 3R by static culture of
Pseudomonas aeruginosa Ps 33 growing on GPY
medium.
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Fig. 3.4 Effects of pH (Ï 4, Ï 5, Ï 6, Ï 7, Ï 8, Ï
9 and Ï 10) of GPY medium on decolorization
of Remazol Orange 3R by the static culture of
Pseudomonas aeruginosa Ps 33.
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Fig. 3.6 (A) Changes in biomass(Ï ) of Pseudomonas aeruginosa Ps 33 and
decolorization (Ï ) of Remazol Orange 3R under (a) stationary and (b) agitating
conditions and the graphs on right depict spectral changes (— C,— 0,— 4,— 8,
— 12,—16,— 20,— 24,— 28,— 32) associated with decolorization.
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Fig. 3.8 Changes in biomass ( Ï ) and the decolorization (Ï ) of Remazol Orange 3Rby Pseudomonas aeruginosa Ps 33 initiated with different size of inocula a) 1, b) 5,c) 10, d) 15 and e) 20% and the graphs on the right depict the spectral changes (—C, — 0, — 4, — 8, — 12, —16, — 20, — 24, — 32 h) associated with the dyedecolorization.
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from acidic to neutral pH whereas 12 h spectra of RO3R at all the three pH showed
remarkable decrease in the peak absorbance. As pH increased to alkaline region rate
of decolorization decreased. At pH 8 decolorization rate was 9 µg.h-1 during 0-12 h
which increased to 120 µg.h-1 during 12-20 h and 17 µg.h-1 from 20-28 h.
Decolorization rate were 3 µg.h-1 observed at both the pH 9 and 10 for initial 12 h.
The rate (75 and 59 µg.h-1) remained similar throughout decolorization at pH 9 and
10. Spectral changes occurring during decolorization of RO3R at pH 8-10 indicates
that there was no remarkable spectral change observed up to 12 h. As the pH
increased from 8-10 decolorization rate decreased gradually (Fig. 3.5).
Pseudomonas aeruginosa Ps 33 grew on GPY medium having pH 5-10 except
pH 4.0. The growth pattern of the strain Ps 33 was exhibited similar at pH 5-7. The
strain Ps 33 entered into log phase from 0 h. No lag phase was observed in the GPY
media having pH 5-7 whereas at alkaline pH a long lag phase was observed with
decrease in biomass and increase in production of extracellular polysaccharides.
Effects of static and shaking conditions. Static cultures of Pseudomonas
aeruginosa Ps 33 decolorized 95% of the initially provided RO3R at 37°C within 28 h
(Fig. 3.6). Decolorization rate was 28 µg.h-1 during initial 8 h. It reached 74 µg.h-1
during 8-20 h before decreasing to 26 µg.h-1 during 20-32 h. Shake flask cultures
decolorized RO3R at the rate of 14 µg.h-1 initial 24 h. The decolorization rates
increased to 67 µg.h-1 during 24-32 h. Shake flask cultures decolorized 72% of the
RO3R but failed to completely decolorize even upon prolonged incubation. Spectral
analysis showed gradual peak elimination in the static flask culture. Significant
decrease in the peak absorbance was observed after 20 h in agitated flask cultures.
Shifting these shake flasks to the static condition led to rapid and complete
decolorization. Growth of the P. aeruginosa Ps 33 was higher under shaking
condition than under static condition.
Effects of inoculum size. The decolorization rate increased in the cultures
initiated with bigger inocula, reaching maximum at 20% (v/v) (Fig. 3.7). During first
8 h decolorization rate was 5, 2, 4, 7 and 12 µg.h-1 for 1-20% inoculum. RO3R
decolorization rate was 47 µg.h-1 between 8-32 h in the cultures initiated with 1%
inoculum. Decolorization rate was 59 µg.h-1 for 5% inoculum size between 8-20 h
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Fig. 3.10 Changes in biomass( Ï ) and the decolorization(Ï ) of Remazol Orange 3Rby Pseudomonas aeruginosa Ps 33 initiated with different age of inocula (a) 6, (b)12, (c) 18, (d) 24h and the graphs on the right depict the spectral changes (— C,— 0, — 4, — 8, — 12, —16, — 20, — 24 h) associated with the dyedecolorization.
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which decreased to 15 µg.h-1 during 20-32
h. Decolorization rate (62, 66 and 65 µg.h-
1) was observed similar for the 10-20%
inocula. Decolorization rates of 6, 16 and
12 µg.h-1 were observed during 20-32 h for
these inocula. As shown in Fig. 3.8,
spectral changes occurred after 8 h and the
major peak of the dye decreased gradually.
P. aeruginosa Ps 33 showed exponential
phase from 0-8 h with all the sizes of
inocula and during these time period no
decolorization took place.
Effects of age of inocula. Inocula of different ages (6, 12, 18 and 24 h) were
studied to determine optimum decolorization of RO3R by P. aeruginosa Ps 33 (Fig
3.9). The decolorization rate of RO3R (16-
20 µg/h) was similar up to 16 h in the
cultures started with inocula of different
ages. Highest decolorization activity was
obtained during 16-20 h for all the ages of
inocula. It slowed down to 3, 34, 11 and 14
µg.h-1 for inoculum ages of 6, 12, 18 and 24
h respectively during 20-24 h (Fig. 3.10).
Generally, decolorization of RO3R is started
after 8 h by the strain Ps 33 growing on GPY
medium. Whereas in these experiments a lag
period of 16 h was observed in the
decolorization by P. aeruginosa Ps 33 which is different from the other experiments.
Fig. 3.10 shows there were similar spectral changes occurred during decolorization of
RO3R at all the ages of inocula. A short lag phase in the growth of the strain Ps 33
was observed with 6 and 18 h old activated cultures used. There was no lag phase
obtained with precultures of 12 and 24 h old.
Fig. 3.7 Effects of size of inoculum (f 1, f 5, f 10, f
15 and f 20% (v/v)) on decolorization of Remazol
Orange 3R by Pseudomonas aeruginosa Ps 33
growing on GPY medium under static condition at
37°C.
Fig. 3.9 Decolorization of Remazol Orange 3R by
the static culture of Pseudomonas aeruginosa Ps
33 initiated with different age of inocula ( 6,  
12,  18 and  24 h) in the GPY medium.
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Fig. 3.12 Changes in biomass ( Ï ) of Pseudomonas aeruginosa Ps 33 growing ondifferent media (a) GPY, (b) Sutherland, (c) Bushnell and Hass, (d) Nutrient brothand (e) Mineral salt medium with the decolorization ( Ï ) of Remazol Orange 3Runder static conditions and the graphs on the right depict the spectral changes (—C,— 0,— 4, — 8, — 12, —16, — 20, — 24 h) associated with the dye
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Effects of media. Decolorization activity of the strain Ps 33 was investigated using
RO3R with GPY, Nutrient broth, Bushnell and Hass, Sutherland, and MSM media.
The strain Ps 33 grew well using Bushnell and Hass medium and decolorized 10% of
the dye after 24 h. No further decolorization
of RO3R occurred. Strain Ps 33 decolorized
24 and 30% dye during its growth on N-
broth and MSM, respectively (Fig. 3.11).
Dye decolorization occurred at a constant
rate (9.6 µg.h-1) on N-broth.
Decolorization rate during 0-8 h, on
MSM, was 6 µg.h-1 that increased to 18
µg.h-1 during 8-24 h. No further change was
observed in the decolorization rate even
after 44 h. The growth of Ps 33 was favored
more on N-broth than MSM medium.
Decolorization of RO3R and growth of the Ps 33 were favored in the presence of
GPY and Sutherland medium. In these media, the decolorization rates were 11.2 and
7.4 µg.h-1 during 8 h incubation. It increased to 72.8 µg.h-1 for GPY between 8-20 h
and slowed down to 19.6 µg.h-1 during 20-24 h whereas with Sutherland medium,
decolorization rate was 67.2 µg.h-1 during 12-24 h. The growth of the strain and
decolorization of the dye was observed to be better with GPY compared to other
media used. Pigment production by strain Ps 33 occurred more on Sutherland medium
than other media. Spectral analysis revealed gradual decrease in the peak of RO3R on
N-broth and MSM but did not disappear completely. Whereas the RO3R peak in the
case of Bushnell and Hass medium there was no decrease in the peak. As shown in
the Fig. 3.12 complete removal of the dye from the medium was detected using GPY
and Sutherland media.
Effects of the constituents of GPY. The effects of individual and
combination of the constituents of the GPY medium on the growth of strain Ps 33 and
decolorization of RO3R was investigated. Glucose, peptone and yeast extract were in
Individually supplied as growth substrate. P. aeruginosa Ps 33 decolorized RO3R in
the GPY medium at the rate of 5 µg.h-1 during initial 8 h which was increased to 64
Fig. 3.11 Effects of media (Ï GPY, Ï
Sutherland, Ï Bushnell and Hass, Ï N-broth and
Ï Mineral salt medium) on decolorization of
Remazol Orange 3R by the static culture of
Pseudomonas aeruginosa Ps 33 at 37°C.
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µg.h-1 between 8-24 h and reached 27 µg.h-1 up to 30 h. The growth of Ps 33 on
glucose was negligible. A lag phase of up to 4 h occurred before any growth was
b
0
25
50
75
100
0 12 24 36 48
TIme (h)
D
e
c
o
lo
riz
a
tio
n
(%
)
Fig. 3.13 Effects of GPY constituents (a) individually ( GPY,  glucose,  peptone and  yeast extract) and (b)
in combination (Ï GPY, Ï peptone-yeast extract, Ï glucose-yeast extract and Ï glucose-peptone) on decolorization
of Remazol Orange 3R by the static culture of Pseudomonas aeruginosa Ps 33 at 37°C.
observed. Whereas media containing peptone and yeast extract individually or in
combination of the GPY ingredients, the cells grew exponentially without showing
any lag. Decolorization of RO3R by Ps 33 on glucose supplied as the only growth
substrate also occurred after a lag of 4 hours and with a steady rate of 12 µg.h-1 during
24 h (Fig. 3.14b) During 24-32 h decolorization rate was 25 µg.h-1 but it was due to
adsorption of the dye to the cell surface of the strain Ps 33 and is also supported by
the spectral analysis showing further increase in peak absorbance. Peptone influenced
the decolorization activity of the strain Ps 33 as it took 48 h to completely decolorize
RO3R (Fig. 3.14c). Decolorization rate during 0-8 h was 6 µg.h-1. Thereafter,
decolorization rate 36 µg.h-1 remained almost constant up to 32 h. It slowed down to
13 µg.h-1 during 32-48 h. The strain Ps 33 showed better decolorization activity in the
presence of yeast extract as the substrate. During first 8 h RO3R was decolorized at
the rate of 10 µg.h-1. Most of the dye (85%) was decolorized between 8-20 h at the
rate of 78 µg.h-1. Decolorization rate reduced to 10 µg.h-1 during 20-32 h (Fig. 3.14d).
Strain Ps 33 growing on medium containing glucose and peptone as substrates
decolorized RO3R at the rate of 7 µg.h-1 during initial 8 h which increased to 26 µg.h-
1 between 8-20 h and reached 46 µg.h-1 after 24 h (Fig.3.15c). It slowed down to 9
µg.h-1 after 36 h. Medium containing glucose and yeast extract, decolorization rate
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Fig. 3.14 Changes in biomass (Ï ) of Pseudomonas aeruginosa Ps 33 growing on(a) GPY, (b) glucose, (c) peptone (d) yeast extract and decolorization ( Ï ) ofRemazol Orange 3R under stationary condition at 37°C and the graphs on the rightdepict spectral changes (— C, — 0, — 4, — 8, — 12, —16, — 20, — 24 h)associated with the decolorization.
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Fig. 3.15 Changes in biomass (Ï ) of Pseudomonas aeruginosa Ps 33 growing on(a) GPY, (b) peptone-yeast extract, (c) glucose-yeast extract, (d) glucose-peptoneand decolorization (Ï ) of Remazol Orange 3R under stationary condition at 37°Cand the graphs on the right depict spectral changes (— C, — 0, — 4, — 8, — 12,—16,— 20,— 24 h) associated with the dye decolorization.
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was 6 µg.h-1 for 0-8 h, 89 µg.h-1 during 8-20 h and 5 µg.h-1 after 20 h (Fig. 3.15d).
The decolorization by strain growing on medium containing peptone and yeast extract
was negligible during initial 8 h that occurred at the rate of 6 µg.h-1. The
decolorization rates were constant (21 µg.h-1) after 8 h (Fig. 3.15b).
Growth pattern of the strain Ps 33 was similar in all the decolorization media
except medium containing only glucose. An exponential phase was observed during
initial 8 h in the individual (except glucose) or in combination of GPY constituents as
well as in the GPY medium itself. The major peak of the dye in visible spectra
disappeared completely in Ps 33 cultures growing on GPY, Y, GP and GY media
(Fig.3.14 & 15).
Discussion
The efficiency of the biological treatment systems is greatly influenced by the
operational parameters. The temperature, pH, aeration must be optimized to produce
the maximum rate of dye reduction. The bacterial strain Pseudomonas aeruginosa Ps
33 isolated from the garden soil of Saurashtra University decolorizes structurally
diverse dyes. Remazol Orange 3R, a monoazo dye which is completely decolorized,
was used as a model dye to determine influence of the physico-chemical parameters
affecting the decolorization activity of the Pseudomonas strain Ps 33.
The rate of decolorization of dye increases with increasing temperature, within
the defined range that depends on the system [48,90]. The decline in color removal
activity at higher temperature can be attributed to the loss of cell viability or to the
denaturation of the enzymes. In our system, Ps 33 do not decolorize at 50°C due to
cell mortality [5,89]. Negligible decolorization at 15°C is attributed to poor growth of
Ps 33. Though the temperature for optimum growth was 25°C, the maximum rate of
decolorization required temperature ranging between 37-42°C.
Dye decolorization by bacteria generally occurs at neutral or slightly alkaline
pH. Strongly acidic or alkaline pH has inhibitory effects on dye decolorization [91].
P. aeruginosa Ps 33 decolorizes RO3R completely between pH 5-10. Whereas no
46
decolorization of the dye is observed at pH 4 attributed to the inactive cells [68]. The
pattern of the dye decolorization are similar in the GPY medium but decolorization
rate is increased as shifting acidic to neutral pH. Decolorization starts in stationary
phase in the GPY medium at pH 5-7. A lag period of 12 h is observed in the growth of
Ps 33 as well as in the decolorization of RO3R as pH shifts neutral to alkaline.
Decolorization rate also decreased with increase in pH between 7-10.
The most important factor for the growth and dye decolorization is aeration.
The growth of the strain Ps 33 is higher under agitating condition but the
decolorization of RO3R (100%) is observed in static (microaerophilic) condition. Ps
33 decolorizes 72% of the initially provided RO3R after 96 h under shaking
condition. When agitated culture incubated for 48 h and then switched to static
condition rapid decolorization is observed [55,61,68]. This result indicates that the
strain Ps 33 is producing dye decolorizing enzyme in agitating culture. A large
population of Ps 33 can decolorize RO3R faster under static condition than a small
population of cells in static culture. There is no report available till date describing
bacterial decolorization of dye under agitated as well as static conditions.
Decolorization rate is also influenced by the size of inocula. The rate of
decolorization increases as the inocula size increases (Fig. 3.7). Maximum
decolorization rate (62 µg.h-1) was observed at 10% inoculum size. Further increase in
the inoculum size did not improve RO3R decolorization. This is due to saturation in
number of cells reacting with given amount of dye molecules. Similar results have
been reported by Mohana et. al, [92], S. Moosvi et. al., [65] and Sani and Banerjee
[6]. There was no proportionate increase in decolorization with increase in inoculum
concentration of Kurthia spp. when inoculated in textile effluent.
To obtain maximum decolorization of RO3R various culture age (6,12,18 and
24 h) of the strain Ps 33 were tested. As shown in Fig. 3.9, decolorization rate (16-20
µg.h-1) of RO3R are similar during 0-16 h incubation for all the inoculum ages.
Generally, decolorization takes place after 8 h which is extended in 16 h by Ps 33
growing on GPY medium. This is attributed to inoculum preparations which may
change surface properties of the cells. The cells of Ps 33 directly used without transfer
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in fresh sterile medium may have additional metabolites responsible to stimulate early
decolorization.
Medium composition is also one of the critical factors for the efficiency of
microbial decolorization of the dye. Therefore, specific decolorization rates were
investigated with different media. Decolorization of RO3R in the GPY medium is
most effective among the five media tested. Sutherland, MSM and Bushnell and Hass
media are chemically defined and almost similar in constituents but significant
decolorization is observed with Sutherland than the other two. This result is attributed
to organic carbon source present in the media. The decolorization becomes negligible
in B and H medium, indicating the inhibitory effect of ammonium nitrate or ferric
chloride. Poor decolorization in the MSM medium shows the requirement of
additional nutrients. Nutrient broth contains peptone and glucose similar in the GPY
medium except meat extract which partially supports or may inhibit the
decolorization.
Complete decolorization of RO3R takes place in the medium containing only
yeast extract, glucose + yeast extract and GPY. Decolorization of RO3R in medium
containing only glucose is attributed to the nutrients present in inoculum which
support slow growth of Ps 33. Medium containing only peptone, peptone and glucose
or peptone and yeast extract resulted in the decreased rate of decolorization though
the growth of Ps 33 is similar in all the media except only glucose. It is not surprising
since yeast extract and peptone to a certain extent provide a complex mixture of
nutrients along with growth factors required for growth and also for the
decolorization, albeit not optimally, Decolorization of Acid Orange 7 using bacterial
consortium TJ-1 is observed in the presence of yeast extract alone or in combination
with glucose [93]. Pseudomonas luteola is reported to completely decolorize RP2B in
the presence of glucose (0.125%) and yeast extract (0.3%) [55]. In the presence of
peptone decolorization by P. luteola takes longer period of time. Similar results were
observed in our study by P. aeruginosa Ps 33.
.
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HAPTER 4
ecolorization of Dyes by Pseudomonas
aeruginosa Ps 33 under Stress Conditions
Introduction
The toxicity, persistence and the concentrations of the environmental
contaminants such as dyes result in serious environmental, public health and
economic impact. Some of the textile dyes are found to be carcinogenic to higher
animals and persist in environment for long periods of time since break down of dye
molecule by microorganism in natural flora difficult due to their complex aromatic
structures. The work on the removal of dyes from environment has been focused on
physico-chemical and biological techniques. Biological techniques are gaining
popularity for their cost-effectiveness, the generation of less amount of sludge and
eco-friendly nature. Nutritional, cultural and environmental parameters play a critical
role in biological systems and have been investigated for various dye decolorizing
bacteria in order to develop efficient dye decolorizing system. Such systems are also
influenced by other types of parameters like presence of metal compounds,
concentrations of dyes and salts, types of dyes released in the textile effluents during
dyeing processes.
Decolorization of Reactive Brilliant Blue (KN-R) by Rhodocyclus gelatinosus
XL-1 is inhibited in the presence of metal compounds AgNO3, HgCl2, ZnSO4 and
CuSO4 whereas it increases decolorization significantly in the presence of MnSO4 and
MgSO4. Dye concentration had an influence decolorization rate, with an increase in
the KN-R concentration, the decolorization rate increased [60]. Dye decolorization in
the presence of high salt concentration as the dye manufacturing and consuming
industries released hyper salinity colored waste water. Nowadays, salinity is also
considered to be an important parameter in the development of an efficient biological
system for the treatment of textile effluent. Recently, isolation of halophilic bacteria
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able to decolorize dyes is subject of interest for researchers [94,95]. Moreover, textile
wastewater comprises of mixture of variety of dyes and also contains significant
amount of salts, like sodium chloride, sodium hydroxide which are used in dye
manufacturing and consuming industries. Therefore, it becomes important to study the
influence of these additional parameters on the decolorization of dye.
In the previous chapters, we described influence of environmental, cultural
and nutritional parameters on dye decolorization by Pseudomonas aeruginosa Ps 33.
The strain Ps 33 decolorizes dye over a broad pH and temperature ranges under static
and shaking conditions while growing on complex as well as chemically defined
media with various types of dyes. In this chapter we report dye decolorization by P.
aeruginosa Ps 33 in the presence of various metal compounds, and at various dye and
salt concentrations.
Materials and Methods
Microorganism. Bacterial strain Pseudomonas aeruginosa Ps 33 was isolated
from soil and maintained on GPY agar slants at 4°C.
Media and chemicals. All the chemicals were analytical grade and of highest
purity available. All the experiments were carried out in GPY medium. The textile
dye Remazol Orange 3R (RO3R) was used as a model dye which has ëmax of a 492
nm. Metal compounds used in the experiments are listed in Table 4.1.
Inoculum. A 250 ml Erlenmeyer flask containing 50 ml GPY medium was
inoculated with an isolated colony of P. aeruginosa Ps 33 from GPY plate and
incubated at 37°C for 18 h on shaker at room temperature (28±5°C) and was used as
inoculum.
Effects of salts. 50 ml GPY containing 0.1% of RO3R and various
concentrations of NaCl and Na2SO4 (1, 3, 5, 7 and 10%) in 250 ml Erlenmeyer flasks
were inoculated with 10% of 18 h old activated culture of P. aeruginosa Ps 33.
Abiotic (uninoculated; containing dye) and biotic (inoculated; not containing dye)
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controls containing various salt concentrations were also included. All the flasks were
incubated at 37°C under static condition.
Effects of dye concentrations. Experimental test tubes containing 7 ml GPY
were inoculated with 10% of 18 h old activated cultures of P. aeruginosa Ps 33.
RO3R was added to obtain the required concentration (25, 50, 100, 150, 200 and 250
mg.l-1) to the GPY medium. Uninoculated and inoculated controls were also included.
All the tubes were incubated at 37°C under static condition.
Table 4.1 Metal compounds used
Effects of metal compounds. 7 ml
GPY medium test tubes containing 44 µg.ml-1
RO3R, were inoculated with 10% of 18 h old
activated cultures of P. aeruginosa Ps 33.
Metal salt solutions were separately
autoclaved and added to the dye-containing
GPY to obtain 10, 100 and 1000 ppm
concentration in the medium. Uninoculated
and inoculated controls containing metal
compounds (10, 100 and 1000 ppm) were also
included. All the tubes were incubated at 37°C
under static condition.
Decolorization of mixture of dyes by Pseudomonas aeruginosa Ps 33.
Mixture of dyes was prepared by mixing 1000 ppm of each of the twenty three dyes
(Chapter 2; Table 2.1) and used in the experiments. Experimental flask containing 45
ml GPY with the mixture (1000 ppm) of the dyes was inoculated with 10% of 18 h
old cultures of P. aeruginosa Ps 33. Uninoculated and inoculated controls were also
included. All the flasks were incubated at 37°C under static condition.
Decolorization assay. Samples (2 ml) were withdrawn at different time
intervals and centrifuged at 9000 rpm for 20 min. Residual dye was determined by
measuring A492. Supernatant was also subjected to spectral analysis by scanning
between 200-700 nm using UV-Vis spectrophotometer (Shimadzu 1601). Pellet was
Metal compounds* Short form
Potassium dichromate K2Cr2O7
Nickle sulphate NiSO4
Cobalt chloride CoCl2
Sodium arsenate NaAsO3
Mercury chloride HgCl2
Copper sulphate CuSO4
Silver nitrate AgNO3
Manganese sulphate MnSO4
Lead nitrate Pb(NO3)2
Zinc sulphate ZnSO4
*Stock solution of 100, 1000 and 10,000
ppm.
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resuspended in same amount of distilled water and A600 measured for biomass. Dye
decolorization was expressed as the percentage ratio of the decolorized dye
concentration to that of the initial one.
Results
Effects of salts. Growth of Pseudomonas aeruginosa Ps 33 and decolorization
of Remazol Orange 3R in GPY medium containing various concentrations of sodium
sulphate and sodium chloride was investigated (Fig. 4.1). The static cultures of
Pseudomonas Ps 33 decolorized RO3R at the rate of 19, 5 and 8 µg.h-1 during initial 8
h, growing on GPY containing 0, 1 and
3% Na2SO4 respectively. It increased to
56, 66 and 64 µg.h-1 between 8-24 h.
As shown in Fig. 4.2, lag phase
of 8 h was observed before
decolorization started. Decolorization
rates were similar in the presence of
d3% Na2SO4 concentration. During
decolorization the major absorbance
peak decreased. Growth of P.
aeruginosa Ps 33 was observed to be
higher in the absence of Na2SO4
compared to 1 and 3% Na2SO4. The
decolorization rate decreased with
further increase in the conc of Na2SO4 (5 and 7%) in GPY medium. In these cases,
initial 8 h observed decolorization rates were 4 and 6 µg.h-1 which increased to 29 and
12 µg.h-1 gradually up to 28 h (Fig. 4.2a, b & c). The spectral changes clearly
indicated that as the concentration of Na2SO4 increased the reduction in absorbance
peak decreased. Growth of P. aeruginosa Ps 33 was similar in the GPY medium
containing 1 and 3% Na2SO4. The decolorization of RO3R and the growth of P.
aeruginosa Ps 33 were completely inhibited in the GPY medium containing 10%
Na2SO4, (Fig. 4.2f). No spectral changes were observed providing evidence of the
inhibition of dye decolorization.
Fig. 4.1 Decolorization of Remazol Orange 3R in the
presence of various conc of  Na2SO4 and  NaCl by
the static culture of Pseudomonas aeruginosa Ps 33
growing on GPY at 37°C after 24 h.
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Fig. 4.2 Effects of Na2SO4 concentration on biomass (Ï ) and the decolorization (Ï )of RO3R by Pseudomonas aeruginosa Ps 33 incubated in GPYcontaining a) none,b) 1, c) 3, d) 5, e) 7 and f) 10% Na2SO4 concentrations and the graph on the rightdepict spectral changes (— C,— 0,— 4,— 8,— 12,—16,— 20,— 24,— 28 h)associated with the decolorization under static condition at 37°C.
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Fig. 4.3 Effect of NaCl concentration on biomass (Ï ) and the decolorization ( Ï ) ofRO3R by Pseudomonas aeruginosa Ps 33 incubated in GPYcontaining a) none, b)1, c) 3, d) 5% NaCl concentrations and the graph on the right depict spectralchanges (— C, — 0, — 4, — 8, — 12, —16, — 20, — 24, — 28 h) associatedwith the decolorization under static condition at 37°C.
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(A)
Fig.4.4b Effects of initial Remazol Orange 3R concentrations on (A)spectral changes (B) percent decolorization of Remazol Orange 3R after24 and 48 h incubation by Pseudomonas aeruginosa Ps 33 growing onGPY medium under static condition.
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The P. aeruginosa Ps 33 growing on GPY in the absence or presence of NaCl
(1%) decolorized RO3R similarly. During initial 8 h, RO3R was not decolorized
implying a lag phase. Decolorization rates were 56 and 69 µg.h-1 during 8-24 h in the
absence and presence of NaCl (1%) respectively (Fig.4.3a & b). Growth of the strain
Ps 33 was low in the presence of 1% NaCl than in its absence. Spectral changes (Fig.
4.3) occurring during decolorization showed complete disappearance of the major
peak in the static cultures provided with or without NaCl. Decolorization rate slowed
in the presence of 3% NaCl. During initial 8 h, decolorization rate was 10 µg.h-1
which increased gradually to 21 µg.h-1 and remained constant upto 28 h. Growth also
slowed down in the presence of 3% NaCl (Fig.4.3c). Spectral changes showed partial
disappearance of the peak (Fig. 4.3). Concentrations of NaCl >5% in GPY completely
inhibited the decolorization and the growth of the strain Ps 33. Fig. 4.3 shows
influence of salts (Na2SO4, NaCl) on decolorization of RO3R by the strain Ps 33
growing on GPY medium.
Excessive production of polysaccharides was observed in GPY provided with
Na2SO4 (1-7%) whereas it was gradually inhibited in the presence of NaCl (>1%).
More than 3% Na2SO4 and NaCl concentrations incorporated in the GPY medium
inhibited pigment production by P. aeruginosa Ps 33.
On further incubation (4 days), complete decolorization was observed at
concentrations of 1, 3, 5 and 7% Na2SO4 and 1, 3 and 5% of NaCl in GPY. Spectral
analysis showed gradual decrease in the major peak in 1 and 3% NaCl concentrations.
Complete decolorization was not observed with the Ps 33 cultures growing on GPY
containing 5, 7 and 10% NaCl or 10% Na2SO4.
Effects of dye concentrations. The static cultures of the P. aeruginosa Ps 33
decolorized 36, 34, 13, 16 and 20 mg.l-1 when the initial dye conc in the medium was
50, 100, 150 200 and 250 mg.l-1 respectively (Fig. 4.4a). 20 mg.l-1 dyes was
decolorized when the initial conc of the dye was 25 mg.l-1. The prolonged incubation
of the cultures invariably resulted in nearly complete color loss. Spectral changes
during decolorization indicated disappearance of the peak (Fig. 4.4b). The results
56
Fig. 4.5 RO3R decolorization by Pseudomonas
aeruginosa Ps 33 growing on GPY containing
 10,  100 and  1000 ppm concentrations of
C) Control, 1) K2Cr2O7, 2) NiSO4, 3) CoCl2, 4)
NaAsO3, 5) HgCl2,6) CuSO4, 7) AgNO3, 8)
MnSO4, 9) Pb(NO3)2 and 10) ZnSO4 metal
compounds.
show that when the dye conc was below 50 mg.l-1, the amount of dye decolorized
decreased with decrease in the initial dye conc while above 50 mg.l-1, the amount of
dye decolorized decreased with further increases in initial dye conc.
Effects of metal compounds. Pseudomonas
aeruginosa Ps 33 decolorized Remazol
Orange 3R in the presence of all the metal
compounds (10 ppm) tested (Fig. 4.5). 88%
decolorization was observed in GPY medium
devoid of the metal compounds. GPY
containing 10 ppm concentrations of
K2Cr2O7, NiSO4, CoCl2, NaAsO3, HgCl2,
CuSO4, AgNO3 and MnSO4, the strain Ps 33
decolorized 88, 91, 81, 84, 86, 82, 79 and
89% of the initially provided RO3R after 24
h which increased to 100, 100, 92, 92, 92, 97,
91 and 96% after 48 h respectively. At
similar concentrations of Pb(NO3)2 and
ZnSO4, decolorization of RO3R was
observed 92 and 95% after 24 h respectively.
Further decolorization did not occur even
upon prolonging incubation. P. aeruginosa
Ps 33 decolorized around 90±5% RO3R at
10 and 100 ppm conc of NiSO4, MnSO4, NaAsO3, Pb(NO3)2 and ZnSO4 within 24 h.
Decolorization of RO3R was remarkably affected (42, 70, 23, 19 and 50%
respectively) at the 100 ppm concentrations of K2Cr2O7, CoCl2, HgCl2, CuSO4 and
AgNO3 after 24 h and no further decolorization was observed even after 48 h in the
case of CuSO4 and AgNO3. On prolonged incubation with K2Cr2O7, CoCl2 and HgCl2,
decolorization of RO3R increased to 88, 86 and 31% respectively. All the metal
compounds at 1000 ppm had inhibitory effects on decolorization of RO3R. During 24
h incubation in 1000 ppm NiSO4,NaAsO3 and AgNO3, 19, 10 and 39% decolorization
was observed which increased to 28, 55 and 62% after 48 h whereas 29, 17 and 13%
decolorization of RO3R was observed when incubated with K2Cr2O7, CoCl2 and
Pb(NO3)2 after 24 h without further decolorization. Decolorization of RO3R ceased
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completely with 1000 ppm concentrations of HgCl2, CuSO4,MnSO4 and ZnSO4. Fig.
4.6-8, show spectral changes occurring during the decolorization of RO3R in the
presence of metal compounds at various concentrations.
Effects of mixture of dye. As shown
in Fig. 4.9, spectral analysis of dye mixture
showed two major peaks in the region of
visible spectrum; one was ranging 400-600
nm and the other was 600-623 nm. The first
peak (400-600 nm) of dye mixture was
completely disappeared by the static culture
of P. aeruginosa Ps 33 growing in GPY
medium after 48 h. No remarkable decrease in
the second peak (600-622 nm) in the dye
mixture (Fast Green, Remazol Turquoise Blue
G and Reactive Blue H5G) was observed even
after 48 h. Growth of P. aeruginosa Ps 33 in
the presence of the dye mixture was similar as observed in single dye decolorization
experiments.
Discussion
It is known that there are several considerations to be made in order to develop
a biological system for the treatment of wastewaters containing dye. The efficiency of
biological treatment system is greatly influenced by the cultural, nutritional and
environmental parameters. Apart from the substrate-related variables, environment
and organism-related variables also influence the biodegradation process. In the
previous chapter, we described the influence of temperature, pH, agitation and various
media on the decolorization by P. aeruginosa Ps 33. The strain Ps 33 decolorizes dyes
over a wide range of pH (5-9) and temperature (25-42°C) under static and shaking
conditions. The strain Ps 33 also decolorizes various types of dyes. Textile processing
dye-house effluents vary in the types of dyes present and their conc, may contain
metals and are often loaded with high conc of salts. Therefore, we studied
Fig. 4.9 Spectral changes (— C, — 0, — 4, —
8, — 12, —16, — 20, — 24, — 28, — 48 h)
associated with the decolorization of mixture of
dyes by the static culture of Pseudomonas
aeruginosa Ps 33.
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decolorization activity of the strain P. aeruginosa Ps 33 in the presence of metal
compounds, salts and dye concentrations.
Large amounts of salts such as sodium nitrate, sodium sulphate and sodium
chloride are used in the dye-manufacturing and dye-consuming industries [96].
Generally sodium concentration above 3 g.l-1 can cause moderate inhibition of most
bacterial activities [97]. Na2SO4 and NaCl salts are mainly used in the dyeing
processes for fixation of the dye to the fiber. The results clearly demonstrated the
ability of the P. aeruginosa Ps 33 to decolorize RO3R in the presence of salt conc that
are generally found in textile effluents. Higher salt concentrations (>1% salt) are
known to cause plasmolysis and/or loss of cell activity [89]. Thus, more than 1%
NaCl concentration slowed down the growth of the strain Ps 33 led to decrease in the
decolorization of dye. Pseudomonas aeruginosa Ps 33 grows on the GPY medium
containing high concentration of Na2SO4 (7%) and decolorizes dye. Researchers are
interested recently to isolate high salt tolerant dye decolorizing bacteria to decolorize
textile dyes [94,95].
Several metal compounds have inhibitory effect on dye decolorization. P.
aeruginosa Ps 33 completely decolorizes RO3R at 10 ppm concentrations of all the
metal compounds tested. Growth of the strain Ps 33 is decreased in the presence of
100 ppm concentrations of HgCl2 and CuSO4 results in poor dye decolorization.
Decolorization of RO3R is inhibited in the presence of metal compound except
NaAsO3 and AgNO3 by P. aeruginosa Ps 33 at 1000 ppm concentrations. The cell
surfaces become red indicating inactivation of cell wall by these metal compounds to
take up the dye molecule to cytoplasm. There is new peak formation in the spectral
changes (48 h) observed when GPY is provided with 10 ppm concentrations of
K2Cr2O7, NiSO4, CuSO4, AgNO3, MnSO4, Pb(NO3)2 and ZnSO4 indicating
degradation of RO3R. Decolorization of RED RBN is inhibited in the presence of
HgCl2 (>500 ppm) by Proteus mirabilis [42]. Decolorization of Reactive Brilliant
Blue (KN-R) [63] dropped 98% at 1 mmol.l-1 concentration of metal compounds
AgNO3, HgCl2, ZnSO4, and CuSO4 by Rhodocyclus gelatinosus XL-1[60]. They also
found that MnSO4 and MgSO4 increased the decolorization activity. Decolorization of
Reactive Brilliant Blue (KG-R) decreases with increases in the concentrations of
HgCl2 from 0-10 ppm by Shewanella decolorationis S12 [68].
62
The initial dye concentration exerts definite influence on the amount of dye
decolorized. When the dye concs are >50 mg.l-1, increases in the dye conc led to
increase in the amount of dye decolorized. Beyond 50 mg.l-1, further increases
inhibited dye decolorization. Thus at lower conc, the dye conc was less than what was
needed to saturate the dye decolorizing system, while at higher conc it inhibited the
dye decolorizing activity. It indicates that increasing the initial dye concentration in
the test system resulted in decreasing reaction rates of decolorization of RO3R. The
concentration of the dye in the wastewater is around 16-32 ppm [98]. In our system
except 25 ppm, the others belong to high concentration range, suggesting the ability
of the strain to decolorize RO3R at high conc.
Decolorization of individual twenty four various types of dyes is described in
chapter 2 by the static culture of P. aeruginosa Ps 33 in the GPY medium. Textile
effluent contains variety of dyes in variable concentration. Therefore, decolorization
of mixture of dyes is studied. One of the major peaks of mixture of dye is completely
disappeared indicating decolorization of those dyes in the dye mixture. Pseudomonas
aeruginosa Ps 33 can grow as well decolorize the dyes in the presence of mixture of
dyes. None of the dye has inhibitory effect on decolorization in the mixture of dye.
Nigam et. al., [57] demonstrate similar results by using mixed bacterial culture. They
show that decolorization of individual dye is rapidly decolorized than the mixture of
the same dyes. The mixed bacterial cultures do not decolorize Remazol Turquoise
Blue G individually whereas presence in the dye mixture slows down the
decolorization. Moreover, P. aeruginosa Ps 33 decolorizes individual as well as
mixture of dyes efficiently and no inhibitory effect of any dye on the decolorization.
The strain Ps 33 decolorizes variety of dyes at the broad pH and temperature
range under static as well as agitating condition. Additionally, the strain can grow
with complex medium, in the presence of salt, mixture of dyes and metal compounds
which is generally found in the environment and textile effluent. Therefore,
Pseudomonas aeruginosa Ps 33 is a potent candidate in the treatment of textile
effluent.
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HAPTER 5
ecolorization of Dyes by the Resting Cells of
Pseudomonas aeruginosa Ps 33
Introduction
Large volumes of dyes are consumed by industries such as textile,
pharmaceutical, leather, paper, etc. Dyes have complex aromatic structure, difficult to
degrade under natural condition and some are toxic to higher animals. They are generally
considered as xenobiotic compound which are recalcitrant against biodegradative
processes. Environment is badly polluted by textile effluents containing variety of dyes.
Conventional waste water treatment is not efficient to remove color from the effluent.
There are many physical-chemical techniques to decolorize the dyes but has secondary
effluent problems. Biological techniques are more attractive as they are cost effective,
environment friendly and do not produce large amount of sludge. Decolorization of dyes
by isolated as well as consortium of bacteria is widely studied [51,53,55,63,65,90]. The
use of whole cell rather than isolated enzymes is advantageous, because cost associated
with enzyme purification is negated and the cell can offer protection against harsh
possesses, for the degradation of dyes in textile effluent. Although, degradation is often
carried out by a number of enzymes working sequentially, degradation usually is not
complete and the degradation products persist.
Previously, we studied the characteristics of Pseudomonas aeruginosa Ps 33 for
the ability to decolorize dyes under cultural, nutrition and environmental parameters. P.
aeruginosa Ps 33 decolorizes dye at wide range of pH and temperature under static
condition. The strain Ps 33 also decolorizes dye under stress conditions such as presence
of high concentration of dye and salts, and metal compound. In this chapter, we study
effect of metabolic activity on the decolorization of dye, employing the preparation of
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resting cells of Pseudomonas aeruginosa Ps 33, defined as metabolically active non-
growing cells, was evaluated using different dyes.
Materials and Methods
Chemicals and Media. Chemicals used were analytical grade or of the highest
purity available. Composition of GPY medium is as described in Chapter 2.
Dyes. Remazol Orange 3R (RO3R), Remazol Black B (RBB), Remazol Red H8B
(RRH8B), Reactive Red 6BX (RR6BX), Remazol Magenta HB (RMHB) were used as
0.1% aqueous solutions.
Preparation of inocula. Activated cultures of Pseudomonas aeruginosa Ps 33
were prepared by growing single colony in 250 ml Erlenmeyer flask containing 50 ml
GPY for 18 h at room temperature (28±5°C) under shaking condition. Inoculum
preparation remained the same, if not indicated otherwise, in all the experiments.
Preparation of resting cells. Four tubes containing 5 ml GPY were inoculated
with a single colony of Pseudomonas aeruginosa Ps 33 and incubated at 37°C for 4-5 h
under static condition. This was used to inoculate 250 ml Erlenmeyer flask containing 95
ml GPY. These flasks were incubated on shaker at room temperature for 18 h. Entire
content of the flasks was centrifuged at 9000 rpm for 25 min. The pellet was collected
and washed with 0.1 M phosphate buffer, pH 8. Finally the pellet was resuspended in 15
ml of the same buffer to get suspension of resting cells used in the experiments.
Decolorization Assay
Decolorization of dye provided at different time interval. Experimental 250 ml
Erlenmeyer flasks containing 50 ml GPY with RO3R (25 µg.ml-1) were set up by
inoculating at different time intervals (0, 4, 8, 12, 16, 20 and 24 h) with 10% of 18 h old
activated culture of Pseudomonas aeruginosa Ps 33. Abiotic (uninoculated; containing
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dye) and biotic (inoculated; not containing dye) controls were also included. All the
flasks were incubated at 37°C under static condition.
Decolorization of dye by resting cells of Pseudomonas aeruginosa Ps 33. The
assay mixture (25 ml) contained 20 ml succinate or phosphate buffer (0.1 M, pH 5-9),
dye (25 µg.ml-1) and 5 ml of resting cell suspension (OD600 of 20) in 250 ml Erlenmeyer
flasks. Inoculated (with resting cells) and uninoculated (without resting cells) controls
were also included. The assay mixture was incubated, if not indicated otherwise, under
static condition at 37°C temperature.
As and where indicated in the legend to the respective figures, (i) phosphate
buffer (0.1 M) was used for pH 6-9 whereas 0.1 M succinate buffer was used for pH 5.
The assay mixture contained no extra carbon source; (ii) assay mixtures were incubated
under static and shaking condition (100 rpm); (iii) assay mixtures were inoculated with
different (1, 2, 10, 15 and 20%) inocula; (iv) decolorization of structurally diverse dyes
RO3R, RBB, RRH8B, RR6BX and RMHB were included in the assay mixtures.
Samples were collected at regular time intervals and centrifuged at 9000 rpm for
20 min. Supernatant was analyzed for residual dye and scanned using UV-Vis
spectrophotometer (Shimadzu 1601) for spectral analysis. The pellets were resuspended
in the same amount of distilled water and diluted as required and analyzed at 600 nm for
the biomass.
HPLC analysis of Remazol Orange 3R and its degradation products. Resting
cells of Pseudomonas aeruginosa Ps 33 was inoculated in a 250 ml Erlenmeyer flask
containing 20 ml buffer and 25 µg.ml-1 of Remazol Orange 3R. After 24, the assay
mixture was centrifuged at 9000 rpm for 25 min to remove cells and the supernatant was
collected and evaporated in oven to concentrate. Concentrated sample was then extracted
three times with 5 ml methanol. The extracted residue was filtered through 0.2 µm filter.
Twenty µl was analysed by a Shimadzu HPLC system equipped with a model STD-
M10A, PDA detector (detection wavelength was 275nm) and a reverse phase C18 column
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(250 mm x 4.6 mm) packed with 5 µ particle size. Mobile phase composed of 50%
methanol, 0.3% H3PO4, and 49.7% water with the flow rate of 0.5 ml/min. Similar
preparation was carried out for both uninoculated and inoculated controls.
Results
The static cultures of the dye decolorizing bacterial isolate Pseudomonas
aeruginosa Ps 33 during its growth completely decolorizes majority of the structurally
diverse dyes used in our experiments. The cultures of Ps 33 growing on complex medium
GPY decolorized the dyes rapidly. In continuation of this work presented in previous
chapters, we investigated the potential of decolorization of dyes by freely suspended non-
growing but metabolically active cells of the strain Ps 33 without provision of additional
nutrient carbon source.
To determine dye decolorizing activity of Pseudomonas aeruginosa Ps 33, the
dye was added in the growing cultures of the strain Ps 33 at different time intervals. Fig.
5.1 shows that decolorization of initially provided RO3R required 28 h for complete
decolorization. During initial 8 h incubation, RO3R was decolorized at the rate of 20
µg.h-1 which increased to 64 µg.h-1 during 8-20 h and 18 µg.h-1 after 20 h. When RO3R
was added in the 4 h old static cultures of P. aeruginosa Ps 33, the decolorization started
gradually without showing any lag phase. RO3R was decolorized at the rate of 52 µg.h-1
during 0-16 h and 27 µg.h-1 during 16- 24 h. Eight hours old static cultures immediately
started decolorization of RO3R at the rate of 65 µg.h-1 during 0-16 h and 18 µg.h-1 during
16-24 h. 12 h old static culture decolorized RO3R at the rate of 92 µg.h-1 during initial 8
h and 17 µg.h-1 between 12-20 h. Highest decolorization rates (231 and 259 µg.h-1) were
observed within 8 h when RO3R was added in the static culture of 16 and 20 h old
cultures. The RO3R decolorization rates decreased (94 µg.h-1) in the 24 h old static
culture after 8 h. Therefore, we used 18 h activated culture to study dye decolorization
activity in the resting cells of P. aeruginosa Ps 33.
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Fig. 5.1 Changes in biomass (Ï ) of Pseudomonas aeruginasa Ps 33 anddecolorization (Ï )of RO3R added at different time intervals a) 0, b) 4, c) 8, d) 12,e) 16, f) 20, g) 24 hand the graph at right depict spectral changes occuring during( — C,— 0,— 4,— 8,— 12,—16,— 20,— 24,— 28,— 32 h) decolorization.
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Fig. 5.2 HPLC analysis of Remazol Orange 3R (A), its degraded products of
decolorization (B) and inoculated control (C) by Pseudomonas aeruginosa Ps 33 after
24 h of incubation.
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Separation of remazol Orange 3R and its degradation products by HPLC analysis.
The HPLC analysis of the control (Uninoculated: containing dye) exhibits two peaks
corresponding to RO3R at a retention time of 9.25 and 7.29 min. (Fig. 5.2). Whereas, the
HPLC analysis of second control (inoculated: without dye) shows one peak at a retention
time 5.33 which was not found in uninoculated control. The culture supernatant of P.
aeruginosa Ps 33, after 24 h of incubation in the presence of RO3R, indicated the
disappearance of the RO3R peak (9.25 and 7.29 min) and appearance of three major
peaks with the retention times of 5.33, 6.24 and 6.64 min. Among the three peaks, a peak
having retention time 5.33 min was similar to the inoculated control whereas two other
peaks did not match with either of the controls.
The non-growing cells decolorized Remazol Orange 3R (RO3R) more than 95%
at pH 8 and pH 9 whereas it was 90% at pH 7 and 66% at pH 5 and 6. Decolorization
observed was 90% after 48 h at pH 6 whereas no further color removal was detected after
24 h at pH 5. There was no growth of the cells when streaked on GPY agar plate. It
implies that the cells were inactivated and lost viability after 24 h at pH 5. After complete
decolorization of RO3R, the second dye (RBB) when added to the assay mixtures was
decolorized up to 74 and 84% at pH 6 and 7 respectively. No further decolorization of the
dye was observed after 72 h at either pH. The strain Ps 33 displayed decolorization of
three different dyes RO3R (96%), RBB (87%) and RB (74%) continuously at pH 8
whereas at pH 7 the RB was decolorized only 48%. At alkaline pH, production of extra
cellular polysaccharides by the resting cells was observed after 24 h incubation. Spectral
analysis of decolorization of RO3R, RBB and RB at different pH is shown in Fig. 5.3.
The decolorization of RO3R at different cell densities of the strain Ps 33 was also
investigated. Rate of RO3R decolorization increased with the increases in cell density
(Fig. 5.4 A & B). 10% decolorization was observed at 1 and 2% resting cell suspension
of OD600 20 by the strain Ps 33 after 48 h. 64% and 85% decolorization of RO3R was
observed within 24 h at 10 and 15% resting cell suspension respectively. The strain
exhibited complete decolorization of RO3R at 20% suspension within 24 h. Spectral
analysis showed that as the dye was removed from the assay mixture peak of the dye
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Fig. 5.3 (A) Spectral changes (— C, — 0, — 24 h) associated with thedecolorization of RO3R influenced by pHs a) 5, b) 6, c) 7, d) 8 and e) 9 of reactionmixture containing resting cells of Pseudomonas aeruginosa Ps 33 (B)Decolorization ( 24 h) of RO3R at various pHs by the static cultures of restingcells of Pseudomonas aeruginosa Ps 33 .
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(RO3R) decreased. As shown in Fig 5.4(A) spectral analysis of 10, 15 and 20% cell
densities, 10-16% decolorization was observed at 0 h. This is due to adsorption of the dye
to the cells which gradually turned white upon progressive decolorization of the dye in
the assay mixtures.
The strain Ps 33 completely decolorized RO3R within 24 h under static condition
compared to 43% decolorization under shaking condition. Under shaking condition, the
resting cells after 96 h, decolorized 61% of the dye. Fig. 5.5(A) shows disappearance of
the peak of RO3R within 24 h under static condition. The peak of the dye decreased
slowly when the resting cells were incubated with the dye with agitation as shown in Fig.
5.5(B).
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Fig. 5.5 Spectral changes (— C, — 0, — 24, — 48, —96 h) associated with decolorization of Remazol Orange 3R
under (A) static and (B) shaking condition by the resting cells of Pseudomonas aeruginosa Ps 33 at 37°C.
Decolorization of structurally
different dyes Remazol Orange 3R, Remazol
Red H8B, Reactive Red 6BX, Remazol
Black B and Remazol Magnta HB were also
studied (Fig.5.6a). The strain Ps 33
demonstrated complete decolorization of
RO3R (mono-azo) within 24 h. 83, 85 and
88% decolorization of RBB (di-azo),
RRH8B and RR6BX respectively.
Decolorization of RMHB was 69%.
Fig. 5.6a Decolorization of Remazol Orange 3R
(RO3R), Remazol Red H8B (RRH8B), Reactive Red
6BX (RR6BX), Remazol Black B (RBB), and Remazol
Magenta HB (RMHB) by the resting cells of
Pseudomonas aeruginosa Ps 33 under static condition.
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Fig. 5.6b Spectral changes (— C, — 0 h, — 24 h) occuring during thedecolorization of dyes a) Remazol Orange 3R, b) Remazol Red H8B, c) ReactiveRed 6BX, d) Remazol Black B and e) Remazol Magenta HB by resting cells of
Pseudomonas aeruginosa Ps 33 under stationary conditionat 37°C.
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Addition of CoCl2, NaAsO3, MnSO4, Pb(NO3)2 and ZnSO4 metal compounds in the
suspension of non-growing cells of the strain Ps 33 did not alter RO3R decolorizing
activity as the amounts of dye decolorized were similar to that in control (without metal
compounds) (Fig. 5.7a). 17% decolorization of RO3R was observed in the presence of
K2Cr2O7 due to absorption of dye to
the cell. This result is also supported
by spectral changes shown in Fig.
5.7b. In the presence of NiSO4 and
CuSO4, decolorization of RO3R
observed 56% and 51% after 48 h.
Whereas 68 and 70% decolorization
was observed in the presence of
CoCl2 and NaAsO3 after 24 h which
increased to 89 and 84% after 48 h.
32% decolorization was observed in
the presence of HgCl2 and AgNO3
after 48 h. Spectral changes shows
complete elimination of the major
peak in case of CoCl2, NaAsO3, MnSO4, Pb(NO3)2 and ZnSO4 similar to the control
(without metal) in the non-growing resting cell assay mixtures.
DISCUSSION
The bacterial strain Pseudomonas aeruginosa Ps 33 isolated from the garden soil
of Saurashtra University. The strain Ps 33 decolorizes various types of dyes. In the
previous chapter, we described the influence of substrate-related variables, environment
and organism-related variables in the biodegradation process. The strain Ps 33
decolorizes dye (Remazol Orange 3R) over a wide range of pH (5-9) and temperature
(25-42 °C) under static condition in the GPY medium. Pseudomonas aeruginosa Ps 33
also decolorizes the dye at the conc of 250 mg.l-1. The strain Ps 33 also decolorizes the
dye in presence of higher salt [Na2SO4 (7%) and NaCl (3%)] and metal compounds.
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Fig. 5.7b Decolorization of Remazol Orange 3R in the
presence of metal compounds (100 ppm) 1) None, 2) K2Cr2O7,
3) NiSO4, 4) CoCl2, 5) NaAsO3, 6) HgCl2, 7) CuSO4, 8)
AgNO3, 9) MnSO4, 10) Pb(NO3)2 and 11) ZnSO4 by resting
cells of Pseudomonas aeruginosa Ps 33 under stationary
condition at 37°C.
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Microbial biocatalysts offer potential advantages for the degradation of the dye
over physico-chemical processes. In particular, the ability of whole bacterial cells to
metabolize dyes has been extensively investigated. In addition to this, we attempt to
decolorize dye by the resting cells. The use of resting cells is advantageous than
• Enzymes purification is costly whereas cells can offer protection from
harsh environmental processes
• It is difficult to reconstruct the mechanism of individually extracted
enzymes to achieve the degradation process
• No requirement of growth substrates
• Decolorizes various types of dyes
Therefore, in this chapter we studied various parameters affecting decolorization
of dye by the resting cells of Pseudomonas aeruginosa Ps 33. The strain Ps 33 cultures
were evaluated for the development of dye decolorizing activity, by spiking Remazol
Orange 3R in the 0, 4, 8, 12, 16, 20 and 24 h old cultures growing on GPY medium. Fig
depicted that decolorization started immediately after addition of dye in all the cultures
except 0 h old. Decolorization rate increased gradually as the culture age increased.
Maximum decolorization rate was observed in the 16 and 20 h old cultures.
Decolorization rate decreased in the 24 h culture. Therefore, we used 18 h old culture to
prepare resting cells as they had higher decolorizing activity. It also provided clear cut
evidence that the enzymes involved in the decolorization of the dye are not induced by
the dye and that they are produced only after 4 hours of inoculation. The increase in the
decolorizing activity of the cultures with time can be attributed to increased production of
the respective enzymes and also to the higher amount of biomass. The production of dye
decolorizing enzymes perhaps stops some time after 20 hours as noticed by the fact that
the decolorizing activity of 24 hour cultures was quite low compared to the younger
cultures.
The result of HPLC analysis suggested that peaks A, B and C (retention time
5.33, 6.24 and 6.64 min respectively) represent the decolorization metabolite. Retention
time of inoculated control is similar with the test (5.33 min), which is responsible for
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pigment produced by the strain Ps 33. The two major peaks of uninoculated control
disappeared completely with the formation of two new peaks of retention time 6.24 and
6.64 min respectively. This suggested that parent compound is degraded and new
compounds formed are more polar and less aromatic than the parent dye molecule. Our
work substantiates the work reported by Supaka and coworkers [99].
Dye decolorization by bacteria generally occurs at neutral or slightly alkaline pH.
Strongly acidic or alkaline pH has inhibitory effects on dye decolorization [91]. Resting
cells of the strain Ps 33 decolorizes RO3R completely between 6-9 pH. Whereas 64%
decolorization at pH 5 and no further decolorization is observed as the cells loose
viability after 24 h. The strain Ps 33 decolorizes consecutively two dyes (RO3R and
RBB) at 6 and 7 pH. Whereas at 8 and 9 pH, consecutive three dyes (RO3R, RBB and
RB) are decolorized. All the three dyes are completely decolorized at pH 8 whereas the
third dye is decolorized only 48% at 9 pH. It also implies that the resting cells retain high
decolorizing activity till 72 hours and then gradually loose the decolorizing activity. Dye
decolorizing activity of the cells is highest at pH 8. Ramalho et al., [100] reported that
dye decolorization by resting cells of yeast Issatchenkia occidentalis has an optimum pH
range close to neutrality.
Cell density is an essential parameter in the dye decolorization process by
bacteria. Decolorization of RO3R (10%) after 48 h at cell concentrations 1 and 2% cell
concentrations is attributed to low cell density against given amount of dye molecules.
Lower cell concentrations take longer time to decolorize the dye than the higher cell
concentrations as shown in fig. 5. Decolorization of Methyl Red (MR) in buffer by mixed
bacterial culture at different cells concentrations is reported by Vijaya and Sandhya
[101]. Growing culture of mixed bacteria completely decolorized MR within 18 h
whereas complete decolorization and degradation takes places within 2 h, when
suspended in phosphate buffer. Similar study has been reported using yeast Issatchenkia
occidentalis by Ramalho and coworkers [100]. They demonstrated optimum cell
concentration to be ranging between 4 and 6 D units whereas higher concentration of
biomass shows saturation like kinetics, due to substrate limitation.
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The non-growing cells of the strain Ps 33 decolorizes RO3R in both static and
shaking conditions similarly as growing cells but complete decolorization is observed
under static condition whereas shaking condition decolorizes 61% RO3R after 96 h.
Static culture of freely suspended cells of Pseudomonas 1-10 decolorizes Direct Fast
Scarlet 4BS 90% within 36 h whereas aerated culture decolorizes only 65% after 5 d
[102]. Molecular oxygen is higher in aerated/agitated cultures than the static cultures that
presumably seem to be slowing down the initiation of dye decolorization and therefore
overall decolorization. We speculate that it could be the reduction reaction of the azo
bond that is sensitive to molecular oxygen, which initiates the dye decolorization
reactions.
The non-growing cells of Pseudomonas aeruginosa Ps 33 show broad substrate
specificity toward structurally different dyes. Decolorization of RO3R (monoazo) is
faster than the other dyes tested. The result shows that azo dye containing two azo bond
(RBB) is difficult to cleave than mono azo (RO3R), because these compounds consist of
polyaromatic and sulfonate groups. Decolorization of dyes is affected by methyl,
methoxy, sulpho or nitro groups in their structures, and the number of azo bonds and /or
substituent groups in the molecule (54, 91).
Pseudomonas aeruginosa Ps 33 efficiently decolorizes RO3R in the presence of
metal compounds like CoCl2, NaAsO3, MnSO4, Pb(NO3)2 and ZnSO4 whereas it is
inhibited in the presence of K2Cr2O7,HgCl2, AgNO3,NiSO4 and CuSO4. The non-growing
cells turned deeply orange in the presence of later metal compounds. These results
suggest that the degradation of RO3R is inhibited by directly denaturing dye decolorizing
enzyme or by reducing the rate of transport of dyes. Decolorization of Methyl Red by
freely suspended cells of Lactobacillus casei TISTR 1500 is inhibited by metal ions
tested [103].
The strain Ps 33 completely decolorizes RO3R in growing as well as in non-
growing conditions. Decolorization is faster with non-growing cells than the growing
cells. The strain Ps 33 is able to decolorize structurally diverse dyes. The decolorization
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is strongly affected by pH, aeration, cell density. In addition, the decolorization process
does not require extra carbon substrate though the optical density decreased with respect
to dye decolorization.
Pseudomonas aeruginosa Ps 33 growing on GPY decolorizes variety of dyes
under static condition at 37°C. The strain Ps 33 decolorizes dyes over a broad pH (5-10)
range, temperature (25-42°C), under static as well as shaking conditions. Decolorization
is also performed with complex (GPY) as well as chemically defined (Sutherland) media.
The strain Ps 33 also decolorizes the dye at high salt (d 3% NaCl and d 5% Na2SO4) and
dye (250 mg.l-1) concentrations. In addition, the strain Ps 33 decolorizes dyes even in the
presence of metal compounds. Mixture of the dyes is also efficiently decolorized by
Pseudomonas aeruginosa Ps 33. The evidences presented here allows to sum up the
information and present the bacterial strain Pseudomonas aeruginosa Ps 33 as a potential
candidate for the development of dye decolorizing technology using growing bacterial
cultures as well as technologies employing immobilized non-growing metabolically
active resting cells of this organism.
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UMMARY AND ONCLUSIONS
Considerable work has been done with the aim of using microorganisms as
bioremediation agents in the treatment of wastewater containing textile dyes.
These contaminants are highly visible even at low concentration, affecting
aquatic life and some of which are carcinogenic to higher life.
The highlights of the work are as following:
Ø Chapter-1 Treatment of wastewater containing xenobiotic compounds
generated by various industries such as textile is the challenge to researchers.
Many techniques are being developed for the treatment of textile effluents as
they contain dyes, a group of recalcitrant compounds that persist in the
environment affecting the lives. Adsorption, flocculation, electro-chemical,
ozonization etc., are included which are costly and generate secondary
problems. Biological techniques using variety of microorganisms (fungi,
bacteria, yeast, algae) is a popular technique nowadays for its eco-friendly
characteristics. Therefore, in this piece of work we have studied bacteria for
the decolorization and degradation of dye.
Ø Chapter-2 includes isolation, identification and screening of bacteria capable
to decolorize variety of dyes. Three bacterial strains Ps 31, 32 and 33 were
isolated from the garden soil by MPN technique using complex (GPY) and
chemically defined (Sutherland) media. On the basis of dye decolorization the
strain Ps 33 was selected for further study and identified as Pseudomonas
aeruginosa by biochemical and 16S rRNA technique. Twenty out of twenty
four dyes tested are efficiently decolorized by P. aeruginosa Ps 33 by
adsorption and degradation mechanisms. Three groups of dyes observed on
the basis of dye decolorization by Ps 33 are: adsorption, 44-50%
decolorization within 24 h and > 75% decolorization within 24 h. Detailed
study of each group demonstrates that slower decolorization rate was
81
attributed to higher molecular weight, structural complexity and the presence
of inhibitory functional groups like –NO2 and –SO3Na in the dyes.
Ø Chapter-3 The efficiency of biological system is greatly influence by
operational parameters. Pseudomonas aeruginosa Ps 33 decolorizes Remazol
Orange 3R (RO3R) (used by us as a model dye) under static condition over a
wide range of pH (5-10) and temperature (25-42°C). Remazol Orange 3R is
also decolorized under shaking condition but takes longer time. Initially
provided RO3R is completely decolorized within 24h when the inoculums size
is 10% or more otherwise it takes longer. Age of inoculum does not affect the
decolorization. Pseudomonas aeruginosa Ps 33 efficiently decolorizes RO3R
in the presence of GPY medium among five media tested. It is a rich source of
nutrients. The effects of individual and combination of GPY ingredients on the
decolorization was tested. Yeast extract or combination of yeast extract and
glucose results in better decolorization as compared to other ingredients of the
GPY medium. Yeast extract supplies trace elements, vitamins and other
nutrients that support growth as well as decolorization.
Ø Chapter-4 Biological system is also influenced by the presence of salts,
metals, different dyes and its concentration. Therefore, the dye decolorizing
ability of Pseudomonas aeruginosa Ps 33 was evaluated for these additional
parameters. Pseudomonas aeruginosa Ps 33 completely decolorized RO3R in
the presence of 7% Na2SO4 and 3% NaCl, concentrations generally found in
the textile effluents. The strain Ps 33 decolorizes RO3R even when the
concentration of the dye was as high as 250 mg.l-1. None of the dyes has
inhibitory effect on decolorization or growth when tested in the mixture. In
addition, the strain Ps 33 completely decolorizes RO3R in the presence of all
the metals tested (10 ppm).
Ø Chapter-5 Study of dye decolorization by resting cells is an important aspect
in the development of efficient biological system due to no or trace amount of
substrates requirement, decolorize variety of dyes, offer protection against
harsh environmental conditions compared to purified enzyme. Resting cells of
Pseudomonas aeruginosa Ps 33 degrade RO3R in the pH range 6-9 and at
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20% cell density. The non-growing cells decolorize RO3R under static and
shaking conditions similarly as growing cells. Pseudomonas aeruginosa Ps 33
also decolorizes variety of structurally different dyes. In the presence of metal
compounds, RO3R is completely decolorized by the resting cells of the strain
Ps 33.
These advantages allow the use of Pseudomonas aeruginosa Ps
33 in the treatment of industrial effluents containing dyes with ever-changing
physico-chemical properties.
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